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STUDIES OF HEMAGGLUTININS IN HEREDITARY SPHEROCYTOSIS 
AND IN ACQUIRED HEMOLYTIC ANEMIA; THEIR 
RELATIONSHIP TO.THE HYPERSPLENIC 
MECHANISM 


CLAUDE-STARR WriGHt, M.D., MarrHew C. Dopp, Px.D., 
BertHa A. Bouroncie, M.D.,* CHarues A. Doan, M.D., 
AND RosBert M. ZouuINnGerR, M.D. 

CoLUMBUS, OHIO 


HE importance of an unsuspected immunologic phase in some hitherto ob- 

scure mechanisms of disease is gradually becoming apparent. Newer tech- 
niques are revealing significant but previously unrecognized antigen-antibody 
reactions, as for example the discovery of ‘‘incomplete antibodies’’ in certain 
of the hemolytic anemias.’-?’ The detection of these antibodies, in some in- 
stanees, has clarified previously unexplained fundamental pathologie phe- 
nomena, in others a differential diagnostic tool has been added. The purpose 
of this paper is to present the results of a study of incomplete antibodies as 
revealed by these newer methods when applied to hereditary spherocytosis and 
to certain acquired hemolytic anemias, and to consider their relationship to the 
mechanism of hypersplenism. 

The concept of incomplete antibodies is not really new, though means for 
demonstrating them have been developed and applied clinically only within 
recent years. In 1902, Eisenberg and Volk?® described bacterial ‘‘agglutinoids’’ 
which probably are related to if not identical with today’s ‘‘ineomplete,’’ 
‘‘blocking’’ or ‘‘monovalent’’ type of antibodies. So-called ‘‘monovalent”’ 
antibodies were described by Heidelberger and Kendall*® in 1935. In 1944, 
Race' recognized the ‘‘incomplete’’ antibody in Rh-negative mothers who had 
been sensitized by fetal Rh-positive erythrocytes. In the same year, Weiner’ 
demonstrated his ‘‘blocking’’ antibody with a saline suspension of erythrocytes. 
Diamond and Abelson,’ in 1945, utilized plasma in the development of a slide 
test, and later the same year Diamond and Denton‘ introduced the use of bovine 
albumin as the diluent. In 1945, Coombs, Mourant, and Race’ prepared in the 
rabbit an antihuman globulin serum (developing serum or Coombs serum) which 
detected incomplete Rh agglutinins absorbed on red blood cells. A modified 
indirect technique was advocated for demonstrating incomplete antibodies in 
the serum. 

Wheeler and associates® “ very recently have standardized a still more 
sensitive test by using enzyme-treated red cells for detecting serum incomplete 
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Rh antibodies. It had been observed by several investigators that Rh-positive 
red blood cells treated by viruses or enzymes are agglutinated in very high 
saline dilutions of blocking anti-Rh serum. Burnet, MeCrea, and Stone® first 
noted this phenomenon with cells treated with virus and filtrates of Vibrio 
cholerae. Morton and Pickles® used crude and erystalline trypsin and noted 
similar characteristics. Quilligan’® found that pepsin, papain, erypsin were also 
effective. Wheeler added chymotrypsin, bromelin (fresh pineapple juice), and 
Russell viper venom (Stypven). The standardized trypsin-treated red blood 
cell technique has proved to be a simple, reliable, and sensitive screening test 
in the detection of anti-Rh antibodies. 

In addition to the studies in antibody hemagglutination, Rheins, Dodd, 
and Hudson*’ have shown that trypsin-treated groups O and A human eryth- 
roeytes are agglutinated to considerably higher titers with viable influenza 
virus as compared with trypsinized groups B and AB erythrocytes. 

We have utilized in our studies of the potential immunologie aspects of the 
hypersplenie syndromes both the developing serum (Coombs) test which pro- 
vides a method for detecting incomplete antibodies on the red cell and the 
trypsinized red blood cell technique which determines the presence of incom- 
plete antibodies in the serum. <A study characterizing such enzymic effects on 
erythrocytes will be reported elsewhere. 


MATERIALS AND METHODS 

I, Developing Serum (Coombs) Test.— 

A. Preparation of Anti-Human Globulin: 1. Preparation of Alum-Precipitated Serum 
Protein. Five cubic centimeters of serum from normal group O blood are diluted with 16 ¢.c. 
distilled water in a 50 ¢.c. centrifuge tube and 18 ¢.c. of a 10 per cent solution of potassium 
aluminum sulfate (in distilled water) are added. The pH is adjusted to 6.5 with N/5 NaOH. 
After centrifugation at 1,500 r.p.m. for five minutes the supernatant fluid is removed and 
40 ¢.c. of physiologic saline-sodium ethylmercurithiosalicylate* (0.01 per cent) are added. 
Repeat centrifugation and washing three times. After the third procedure, 20 c.c. of 
saline are added to the protein precipitate and the solution is ready for injection. 

2. Rabbit Immunization. Ten cubic centimeters of alum-precipitated serum protein 
are injected into a 2 kilogram rabbit (5 ¢.c. into each thigh). Titers are determined weekly 
by the precipitin ring test. If a 1:10,000 titer is not obtained by the twenty-first day 
following the first injection, a second injection is given. Three weeks after the last in- 
jection if there is a 1:10,000 minimum titer, the animal is exsanguinated via the heart, 
using a 50 ¢.c. syringe and 18 gauge needle. Permit the blood to clot; remove serum and 
preserve by adding sodium ethylmercurithiosalicylate to obtain a final 1:10,000 dilution. 

3. Absorption of Anti-Serum. The complement is inactivated by heating at 56° C. 
for thirty minutes. Absorption of the serum is accomplished with packed, washed (five times 
with normal saline) red cells. Approximately 4 ¢.c. of the serum are absorbed with 1 c.c. 
each of packed A,, A., B, and O cells (totalling 4 ¢.c. cells) for ten minutes at 37° C. with 
frequent agitation. This procedure is repeated the second time for twenty minutes and 
the third time for thirty minutes. 

A check of the serum after absorption is made in the following manner. A 2 per 
cent suspension of three times washed A,, A,, B, and O cellst (0.7 ¢.c.) is added to 0.1 c.c. 
of absorbed serum. Read for agglutination after incubation for thirty minutes at 37° C. 





*This preservative (Merthiolate, Lilly) was added to all physiologic saline used in this 
procedure, 
+A minimal of four different samples of each blood group used. 
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If agglutination occurs after the third absorption, the procedure is again repeated for 
one hour at room temperature. The serum used in the developing test must have all 
agglutinins for A,, A., B, and O cells removed. 

Absorbed antiserum titer is determined by one or both of two methods, the pre 
cipitin ring test (1:1,000 titer satisfactory) and the agglutination test as modified by 
Wagley and co-workers®! (1:128 titer satisfactory). 

b. Technique: 

To serial saline dilutions of 0.1 ¢.e. developing serum add 0.07 ¢.c. of 2 per cent 


suspension of packed washed (three times in cold saline) test red blood cells. Agitate and 


I 


incubate at ° C. for thirty minutes. Centrifuge one minute at 1,800 r.p.m. Read for 





agglutination. 


II. The Trypsinized Red Blood Cell Test. 

A, Preparation of Trypsinized Red Blood Cells: 

One cubic centimeter of washed (three times in cold saline*), packed group O red 
blood cells are added to 1.5 ¢.c. of a 0.1 per cent trypsint-saline solution. This suspension 


Q7o 
‘ 


is incubated for thirty minutes at 37° C., with frequent agitation. After centrifugation, 
remove the supernatant and wash enzymized red cells three times with cold saline. Make 
a 2 per cent suspension in saline.{ Suspension is checked for nonspecific agglutination 
with normal sera. 
B. Technique: 
Serial saline dilutions are made with 0.1 ¢.c. of patient’s serum; 0.07 ¢.c. of the 2 
per cent trypsinized red cell suspension is added. The mixture is agitated; let stand for 
one to two minutes; centrifuge for one minute at 1,800 r.p.m. Read for agglutination. 


Normal sera are run as controls. 


Ill. Immunologie Studies of Splenic Blood.— 
A, Terminology of Splenic Blood Specimens: 
We have drawn attention to the functional analogy which exists between the spleen 
and the lungs.82 This suggested parallelism yields terms as well as concepts facilitating 
a better understanding of the normal and pathologic splenic mechanisms. The blood 
entering and leaving the spleen under ordinary basal conditions is comparable to the 
tidal air during normal respiration, and it may be appropriately designated as splenic tidal 
blood. Complete voluntary expiration (reserve air) followed by a deep inspiration (com- 
plemental air) measures the pulmonary vital capacity. Similarly, relaxation of the spleen 
as obtained with sodium pentobarbital,33 followed by a maximum contraction induced by 
epinephrine, will reveal the vital capacity of the spleen as a reservoir for sequestered blood 
elements. Epinephrine stimulation without previously induced relaxation mobilizes the 
splenic blood reserve. The residual air represents the irreducible minimum retained within 
the pulmonary alveoli in the intact chest and is comparable to the sinusoidal-parenchymal 
residual blood obtained only by further manual manipulation of an epinephrine-contracted 
spleen after its surgical removal. 

These specific terms, i.e. splenic tidal blood, splenic reserve blood, and splenic residual 
blood, are used to designate the contents of the various splenic compartments. 

B. Technique of Obtaining Specimens: 

These studies were made at the time of splenectomy advised for one of the hyper- 
splenic syndromes. The blood specimens from splenic artery and vein were obtained using 
the following surgical technique (devised and carried out by R. M. Z.). A high left 
paramedian incision is made into the peritoneal cavity and extreme care is taken not to 
disturb the spleen mechanically, even when massively enlarged. The gastrosplenic ligament 
is divided along the greater curvature in the region of the fundus of the stomach, giving 

*All saline used in preparation of the trypsinized red blood cells is physiologic and 
phosphate buffered to pH 7.28. 

+Difco trypsin, 1:250 activity, used. 

tThese test cells are satisfactory for forty-eight hours when stored at 4° C, It is pref- 


erable to make up fresh test cells three times weekly when using them daily. After forty-eight 
hours the cells begin to hemolyze and show progressively diminishing titers and avidity. 
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direct entrance to the lesser sac. The opening into the lesser sac is enlarged until the 
splenic artery can be easily visualized as it courses along the upper margin of the body 
of the pancreas, The peritoneum over the vessels is carefully incised about 8 or 10 em. 
from the hilus of the spleen and the artery gently dissected from its bed for a short dis- 
tance by the use of a long right-angle clamp. Two traction sutures of silk are placed be- 
neath the artery. 

Since there is a tendency for the splenic artery to contract following such manipula- 
tion in the younger age group with nonsclerotic vessels, direct aspiration of the artery 
was frequently carried out without previously isolating it from its bed. In many of the 
cases, traction sutures were likewise placed beneath the deeper situated splenic vein; 
however, this is unnecessary since bleeding from the puncture wounds can easily be con- 
trolled with small pledgets of Gelfoam. 

After the field is prepared, 10 to 17 ¢.c. of blood are aspirated from the splenic vein, 
utilizing a number 20 needle with a 20 c.c. syringe. This specimen is representative of 
splenic tidal blood. Following this, a similar aspiration is made from the splenic artery. 
With the needle remaining in place in the artery, 0.3 to 1.0 ¢.c. of epinephrine (depending 
on the age and the cardiovascular status of the patient) is then slowly injected into the 
splenic artery. Following the completion of the injection, a small amount of arterial 
blood is aspirated into and reinjected from the syringe to complete the accurate injection 
of all the epinephrine directly into the splenic artery, When there is a significant rise 
in pulse and blood pressure associated with the visible contraction of the spleen (from 
two to five minutes), a second aspiration is made from the splenic vein (splenic reserve 
blood). Gelfoam (Upjohn) is immediately applied to each aspiration site as the needle is 
withdrawn, Difficulties with troublesome bleeding have not been encountered. Following 
this, the traction sutures beneath the splenic artery are tied, effecting a double ligation of 
this vessel. In the majority of the cases the splenic vein was not ligated at the time of 
aspiration, but continued to return blood from the spleen to the general circulation while 
the spleen was mobilized and the pedicle made ready for ligation. The splenic vein is 
preferably the last vessel ligated. After the removal of the spleen, a careful search is 
made for accessory spleens. A biopsy of the liver and the removal of a mesenteric lymph 
node are done routinely in all cases, Careful hemostasis with individual ligation of all 
blood vessels minimizes blood loss during the procedure. No unfavorable reactions or 
effects due to these procedures were observed in any patients in this series. 

The aspirated specimens, as collected by the surgeon, and the residual blood specimen 
are handled by the hematologist, who ejects samples into cupped paraftin plates and the 
hematologic preparations for qualitative and quantitative study are made immediately 
in the operating room; these results are being reported in a separate publication.32 The 
remainder of each specimen is saved for immunologic studies with the techniques described 
and these accumulated data are reported here (Fig. 6). 

After ligation of the hilar vessels, the spleen is removed in the usual manner. The 
ligatures on the splenic side are immediately released and a specimen of the remaining 
residual blood is expressed from the splenic sinusoids and/or pulp by manual massage. 


RESULTS 
In applying the trypsinized red blood cell and the developing serum tech- 
niques, a total of 1,716 determinations has been made on blood samples from 
465 persons: 185 were patients, each with some hematologic abnormality,* 133 


*The diseases included hereditary spherocytosis, acquired hemolytic anemia, thalassemia, 
essential thrombocytopenic purpura, splenic neutropenia, splenic panhematopenia, sickle-cell 
anemia, Gaucher’s disease, Banti’s syndrome, Hodgkin’s syndrome, erythroblastosis fetalis, 
incompatible transfusion reactions, multiple myeloma, aplastic anemia, toxic panmarrow 
hypoplasia, polycythemia rubra vera, pernicious anemia, macrocytic anemia of pregnancy, 
carcinoma of stomach, posthemorrhagic gastric ulcer, myelogenous leucemia, lymphatic 
leucemia, lymphosarcoma, monocytic leucemia, hepatic cirrhosis, infectious hepatitis, iron 
deficiency anemia, post acute hemorrhage anemia, cyclic neutropenia, rheumatic heart disease, 
myelofibrosis, bronchiectasis, and hyperthyroidism. 





—T 





REA 2 ea 





aii 


STUDIES OF HEMAGGLUTININS IN SPHEROCYTOSIS AND HEMOLYTIC ANEMIA 169 





HEREDITARY SPHEROCYTOSIS 
PERIPHERAL BLOOD TITERS WITH TRBC AND DEVELOPING SERUM (Coombs’) 








SUMMARY : TOTAL PATIENTS STUDIED= 25 
POSITIVE TeBC: 6 | POSITIVE BOTH : 2 


POSITIVE OS. : 4 | NEGATIVE BOTH : 17 



















































































of whom manifested some 


[~ TITER; TRBC: #05: + COMMENT | 
| CASE [U2 4 8 16 52 64 /RESPLENECTOMV GENERAL 7] 
1 0B. 9 HH —w | - |= | = | = [POSITIVE BEFORE Patient ; severe Nemolysis since birth 
“Aged 19yrs; + | Pail ct ae ES ew ee AND AFTER 
2 R.S. Q - ] @|o| =| @ | —| = NO Mother ; moderate hemolysis 
“Aged 40yrs.) + | #) +} - | - | -] - Family 
3 E.B. Q we | -;7lfel[elie NO | Sister; No hemolysis, increased fragilities. 
“AgediTyrs.) #} +) +) 4] - | -] - | 
4, UG. + > - POSITIVE 4 | 15% cousin; studies not done during hemolytic crisis 
‘ Agedi7yes.| ~ | ~ | ~ | ~ | 7 | ~ | ~ | 40S. AFTER precipitated by septicemia. 
| Splenectomy for acute crisis at 4 years 
5 GP 9 +44) HE Ht le | = POSITIVE 10 Remission for 4 years. re-exacerbation corrected by 
| Aged 2iyrs.|] - | - | -| - | -— | -— | — | VRS. AFTER removal 5qm. accessory splenic tissue. 
Present remission continues in its 12% year. 
6 HH. g #4) tet) - | =| =| =] =] POSITIVE4 | Only member with demonstratable antibodies in family 
“Aqed62yrs.} + | + |] +] - - | —]| YRS.AFTER | of 4 hereditary spnerocytoses. 
V.0. HH) tle | - | =| le 
an . NO | . | 
Aged 30yrs. ele (Waal) Sercoiat iit | am), Saag No active hemolysis: sisters to actively hemoly3zing 
SR. Q Bia | ao] wl wl «| = patients; tested ds routine. 
8. ey | 2 NO 
Aged 35yrs. = oh 
Fig. 1. 


degree of hypersplenic cytopenia. The 280 other 


individuals were either normal or had miscellaneous non-hematologie diseases. 
In the first group the developing serum test proved to be positive in 371 and 
the trypsinized red blood cell test was positive in 406 determinations. The 


sera of the second group were all negative and served as controls. 


In the twenty-five cases of true hereditary spherocytosis studied in this 


series one or both tests were positive in eight cases (Fig. 1). The trypsinized 
red blood cell test was positive in six, the developing sera test was positive in 
four, and both were positive in two instances. No relationship could be estab- 
lished between the presence or titer of antibodies and the activity of the 
hemolytie process. There was also no consistent titer response to splenectomy. 


For example, both tests were equally positive in Case 1 before and after splenec- 
tomy, and in Cases 4, 5, and 6 at varying periods from four months to ten years 
after surgery and also in four patients without splenectomy. There were seven 
female patients and one male patient with demonstrable antibodies in this group. 

In forty-eight of fifty-eight cases with acquired hemolytic anemia (Figs. 
2 and 3) antibodies were found with one or both techniques. The trypsinized 
red blood cell test was positive in forty-three; the developing serum test was 


positive in forty-two. Both tests were positive in thirty-seven and both negative 
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in ten, The various etiologies of the acquired hemolytic anemias are listed in 
Table I. In this group a high degree of correlation between the two tests was 
evident. However, the relationship between the antibody titer and the intensity 
of the hemolytic process, while greater than was evident in the patients with 





hereditary spherocytosis, was not as predictable or as definite as others have T 
reported for similar cases.** °° The influence of splenectomy on the persistence = 
: : . : 9 
of antibody was relatively the same for both groups. . 
1c 
TABLE I. ACQUIRED HEMOLYTIC ANEMIAS = 
— ~ —_— - EN = il 
ETIOLOGY NUMBER OF CASES — 
Idiopathic , 15 12 
Leucemias l 
Lymphatic 9 15 
Monocytic ] Za 
Myelogenous I 14 
Reticulum cell sarcoma l im 
Letterer-Siwe’s disease | 1 15 
Boeck’s sareoid 1 — 
Hodgkin *s syndrome ] 16 
Infectious mononucleosis l }— 
Chronic inflammatory splenomegaly 1 17 
Congestive splenomegaly 4 lon 
Chronie congestive splenomegaly (Banti’s) ‘ 18 
Chronic congestive splenomegaly (Felty’s) 1 ia 
Cold agglutinins 2 19 
Essential thrombocytopenic purpura I 
(with mild hemolytic anemia) 0 
Panhematopenia ] \2 
(secondary ?) a 
Total ‘ _ 7 aa i | ae ey | eCS:t:* 7 nit = 
|22 
Six of nine cases of thalassemia (Fig. 4) showed demonstrable antibodies = 
23 


with one or both tests. Both tests were negative in three cases. Again there 
was no correlation between the severity of the anemia and the titer of antibodies. 
The tests were negative in two cases of sickle-cell anemia. 

While the foregoing findings were at least suggestive of some relationship 
between the positive antibody tests and the hemolytic process, positive tests 
were also encountered in certain other blood dyscrasias without evidence of 
erythrocytic destruction. Included in the study of the hypersplenie syndromes 
were twenty-two cases of essential thrombocytopenic purpura (Fig. 5). In 
these patients, antibodies for trypsinized red cells were demonstrated in six, 
in five of whom no concomitant hemolytic process was discernible. The tests 
were negative in the remaining sixteen cases. 

Because of the hyperglobulinemia in multiple myeloma, six cases were 
studied with these techniques. Both tests were positive in three instances, and 
in one the trypsinized red cell test alone was positive. No indications of 
hemolysis or other hypersplenie manifestations were present in any individuals 
of this group. 

The pesitive benefit following removal of the spleen in most of the clinical 


hypersplenie entities focused our attention upon this organ as a potential source 
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ACQUIRED HEMOLYTIC ANEMIA 


PERIPHERAL BLOOD TITERS WITH TRBC AND DEVELOPING SERUM (Coombs:) 
SUMMARY : TOTAL PATIENTS STUDIED: 58 

































































POSITIVE TRBC : 43| POSITIVE BOTH : 37 
POSITIVE DS :42 | NEGATIVE BOTH :10 
CASE TITER : Trec=# DS.= + COMMENT 
U 2 o 8 16 32 64 128 256 RE: SPLENECTOMY 
9 J.K. o” +o | other tere tt Tt tt had bad had POSITIVE 5 YEARS AFTER | IDIOPATHIC 
* Aged 33 yrs.) ttt =| —t+Ht+ +t ++ +H + + 
WT. oF * ? = = = = = = = POSITIVE] YEAR AFTER | IDIOPATHIC 
10. Aged 2) yrs.) +++ +t ++ +H 5 “-t Las t+ + 
11 G.W. oF ttt bad aad + + = = POSITIVE 2 MONTHS AFTER} IDIOPATHIC 
* Agedikyrs| + = -— = sii = = ‘a 
12 A.P. tri tr vt +t a = - = POSITIVE 2 YEARS AFTER | IDIOPATHIC 
* Aged 63 yrs.) ttt+ ++ + = = > = = 
13 E.B. o” tttrS | eete S| tett | ttt ttt POS!TIVE BEFORE & AFTER IDIOPATHIC 
* Aged 69 yrs.| trtt S| ttt +++ ttt +++ 
H.B. of” tt +t + - - - = NO IDIOPATHIC 
14. Aged 69yrs.| ++ + + ‘a + = ‘a 
15 LR. 9 +H + + = = = = - POSITIVE 4 MONTHS AFTER | IDIOPATHIC 
* Aged8l yrs.) + = - fi = = = = 
16 S.L. 9 t+ | tH? + + - - POSITIVE OMONTHS AFTER | IDIOPATHIC 
* Aged 24 yrs.) ++++ ++++ =H ++ + - - - 
{7 T.W. 9 * + - - = = - =. POSITIVE 5MONTHS AFTER | IDIOPATHIC 
* Aged60 yrs.) + + = a = = = = 
18, Wd. 0” + ++ + - - - - = NO IDIOPATHIC 
i9, FF - = = = = = = NO IDIOPATHIC 
* Aged49yrs. | ++ + + = = = si 
20, PR. ¢ oe + + + - NO IDIOPATHIC 
Aged 65 yrs. + ++ ++ a + 
‘as 
‘a1, MD. ¢ te + + - - NO IDIOPATHIC 
|" Aged 81 yrs. + * + + 
22, OW 9 ttt? s| tee | tH +t + NO IDIOPATHIC 
Aged 7Zyps.| t+ bad ‘5 + i 
123 M.S. ¢ ttt s | ttt | ttt ++ ++ — = = POSITIVE BEFOREX AFTER | IDIOPATHIC 
|~"* Aged Zlyrs. | ++++ ttt t+ + J 2 ‘i es 2 












































Fig. 2. 


of the observed immunologic phenomena. Comparative studies of circulating 
peripheral and splenic antibodies were made in thirty cases at the time of 
splenectomy (Fig. 6). In ten instances before the spleen was removed, splenic 
arterial and venous blood samples were obtained betore (tidal blood) and after 
(reserve blood) splenic contraction. In all cases a manually expressed specimen 
of splenic blood (residual blood) was obtained immediately after surgical re- 
moval of the epinephrine-contracted spleen. In the twenty-four individuals 
showing demonstrable antibody in the splenic residual blood, only nineteen had 
antibodies also in the circulating peripheral blood. In the six eases in which 
antibody was not found in the splenic blood, none was detected in the peripheral 
blood. Of particular interest in this series were the five cases in which anti- 
body was detected in the splenie specimens and none was found in the peripheral 
blood (Fig. 6, Cases 50, 68, 69, 70, and 71). The titers of the splenic residual 
blood were generally higher and quantitative agglutination in the various dilu- 


tions was more complete. 








ACQUIRED HEMOLYTIC ANEMIA (Continued) 


PERIPHERAL BLOOD TITERS WITH TRBC AND DEVELOPING SERUM (Coombs’ ) 






























































































































































CASE TITER COMMENT 
U 2 4 a 16 32 64 128 256 | RE:SPLENECTOMY ETIOLOGY 
L.B. 9 Se ee ee ~ POSITIVE Ih YEARS AFTER | CHRONIC LYMPHATIC 
24 Aged Soyrs.| ee | re | we | ow | + | - ‘ LEUKEMIA 
Vi. 9 +H) +4) + - - POSITIVE BEFORE AFTER | CHRONIC LYMPHATIC 
D. agedoiyrs.| + | + | - -|- LEUKEMIA 
AS. 9 - - - - POSITIVE 2MONTHS AFTER | CHRONIC LYMPHATIC 
6. aged él yrs.) ++ | + - . LEUKEMIA 
MP. oF sete | ttt | Ht + 2 = POSITIVE BEFORE & AFTER CHRONIC LYMPHATIC 
27 aged 72yrs.| +H | ++ | + | # | - = e LEUKEMIA 
CR of tte) te | ot | f+ + POSITIVE BEFORE & AFTER | CHRONIC LYMPHATIC 
26. Aged 75 yrs. | +++ | +++ | +++ | + + - ots ws _ LEUKEMIA 
S.W. 9 arte | ee | oe | + | le POSITIVE BEFORE & AFTER | CHRONIC LYMPHATIC 
29 Aged 52yrs.| ++ | + | + | - | - LEUKEMIA 
50, OM. ¢ totes) tere | eee | eee | te | lt - - - NO LYMPHATIC LEUKEMIA 
Aged 23 yrs.|  - ~ - - - - - ~ - 
| &G. 9 +) + | te | le | lc - a POSITIVE BEFORE & AFTER | CHRONIC LYMPHATIC 
3. aged 69 yrs.| ++ | # | + | 4 + LEUKEMIA 
32 HR ete | tee | tte | tt NO CHRONIC LYMPHATIC 
* Aged 51 yrs = = + ++ ++ LEUKEMIA 
33 EB. ¢ - ~ ~ 7 ~ - - NO MONOCYTIC LEUKEMIA 
“Aged 54 yrs.) ++ = + zs = 56 
34 OR. rod 7? | + ° + - - - POSITIVE Ih YEARS AFTER MYELOGENOUS 
‘Aged 56yrs.| ++ + + = = = <i LEUKEMIA 
35 66 9 +) 4H +e) et lt NO RETICULUM CELL 
Aged 66 yrs.| ++ * az ss : SARCOMA 
9 TOF TRBC |not done POSITIVE BEFORE LETTERER - SIWE'S 
' Aged17 mos.| ++ DISEASE | 
HS. o|#|e«f]el - POSITIVE BEFORE HODGKIN'S SYNDROME 
32 Agedeo yes. | +++ + + = = | 
ST. 9 a ~ - - - - POSITIVE BEFORE & AFTER | CHRONIC CONGESTIVE | 
38. Aged 20 yrs. | + + + + + - - SPLENOMEGALY (Bantis) 
wn T28 | + - - - POSITIVE BEFORE & AFTER | CHRONIC CONGESTIVE 
% aged45yrs| ++] + - - - SPLENOMEGALY (Bantis) 
atte #2) # | + + - POSITIVE BEFORE CHRONIC CONGESTIVE 
Aged 26 yrs.| ++ | + - = - SPLENOMEGALY (Banti’s) 
4! MH. 9 ++ aad + 4 - POSITIVE BEFORE &- CHRONIC CONGESTIVE 
‘Aged 19 yrs.| + _ - “ NEGATIVE AFTER SPLENOMEGALY (Banti’) 
429M. 2 + - - - - POSITIVE BEFORE & CHRONIC CONGESTIVE 
"Aged 32 yrs.| + > = ": ‘4 NEGATIVE AFTER SPLENOMEGALY (Banti’) 
GM. 9 #*/}¢/)/-f/-f-]- POSITIVE BEFORE & | CHRONIC CONGESTIVE | 
43. Aged 24 yrs.) — _ - ~ ~ NEGATIVE AFTER SPLENOMEGALY (Bantis) | — 
RA. +t ¢t - - ~ POSITIVE BEFORE & CHRONIC CONGESTIVE | 
44. Aged loyrs.|  - = « |) fo po NEGATIVE AFTER SPLENOMEGALY(Bantis) | 
FS. 9 #2) - ~ ~ - POSITIVE | YEAR AFTER | CHRONIC CONGESTIVE | — 
45. aged 5zyrs| + | - | - | - | - SPLENOMEGALY(Feltys) | 
RB. + | + | + - ~ - POSITIVE BEFORES AFTER | CONGESTIVE SPLENOMEGALY | 
46 Aged4iyrs.| + | + - |- |- - (CARCINOMA) 
WT. - ~ - - | - POSITIVE IMMEDIATELY | CONGESTIVE SPLENOMEGALY 
47. Aged i9 yrs.} ++ | ++ sil a “6 - AFTER 
EL. of + | + + + | + ~ POSITIVE BEFORE CONGESTIVE SPLENOMEGALY | 
48- Aged 68 yrs.|  - _ - - - ~ | 
TS. 9 + | + ~ - |- ~ POSITIVE | WEEK AFTER BOECK’S SARCOID 
49. Aged 31 yrs.| + + | + ]-]-]- be 
9, EC. 2 # | - - - |- NEGATIVE BEFORE,POSITIVE | RHEUMATIC HEART DISEASE 
50- Aged 49 yrs.| + - ~ - |- IMMEDIATELY AFTER WITH FAILURE 
51,65 S* tte S| -teeeS| teee | aoe | te | + 7 - - NO COLD AGGLUTININS 
‘Aged 55 yrs.) ++ | ++ | + | - | - 
52 LM. ot tt S| 4440S) 0S) He | tH ott + + - POSITIVE BEFORE & AFTER COLD AGGLUTININS 
* Aged 67 yrs. |+++ S| +++ S| +++ ++ ++ ++ + re + 
53 oC. # + | + ~ ~ NO CHRONIC INFLAMMATORY 
' Aged Tl yrs = e ~ = - SPLENOMEGALY aa 
54, MC. J 7+ | + + - - NO INFECTIOUS 
’ Aged 22 yrs. + = a as a MONONUCLEOSIS ed 
55 Ot. A +4) te | = - |- POSITIVE BEFORE & AFTER | ESSEN. THROMB, PURPURA 
Aged 24 yrs.| + + + + - (with mild hemolytic aneid) 
56 RC. t +t+\ + = NO PANHEMATOPENI/ 
/ Aged S yrs. + + - . - (Secondary ?) 
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The foregoing positive findings when contrasted with the completely nega- 
tive results in 388 persons with no evidence of hemolytic anemia add signifi- 
cance to the suspected relationship which these antibodies may have to eryth- 
rocytie destruction. 


PERIPHERAL BLOOD TITERS WITH TRBC AND DEVELOPING SERUM ( Coombs’) 


THALASSEMIA 








SUMMARY: TOTAL PATIENTS STUDIED =9 


POSITIVE TRBC : 6 
POSITIVE DS. : 3 


POSITIVE BOTH: 3 
NEGATIVE BOTH: 3 
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CASE TITER: Trec=# D.S.=+ COMMENT 
u 2 4 8 \6 32 RE:SPLENEC TOMY GENERAL 
57 v3 oO ++ t = = 2 NO Patient:exacerbations ¢ moderate 
* Aged 30yrs - + zs = - hemolysis since birth 
MP 9 ++ ad + = = Mother’ history pigment cboleli- 
58. Aged 5l yrs. + + + + - NO os thotomy; alld hemolysis 
y 
59 55. 9 *# + + t ie was NO > Sister: history cholecystectomy; 
“Aged 36yrs) - - ~ - - & /| mild hemolysis 
60 YP 2 bad + t = = NO Sister“ history cholecystectomy; 
* Aged 31 yrs. _ ss es Ps = moderate hemolysis. 
61 5.A. 9 + + + + - POSITIVE BEFORE g presen co for hyper - 
. s nic rom ma; 
Aged Z| mos a + + + “ AND AFTER a saad rae py pola, 
s ee 
62. PA. a _ — ” ” hs NO = Fatner; moderate hemolysis. 
Aged 32 yrs. = = - - - = & 
Fig. 4. 
ESSENTIAL THROMBOCYTOPENIC PURPURA 
PERIPHERAL BLOOD TITERS WITH TRBC AND DEVELOPING SEPUM (Coombs) 
SUMMARY: TOTAL PATIENTS STUDIED = 22 
POSITIVE TRBC :6 | POSITIVE BOTH : 6 
POSITIVE DS. :6 | NEGATIVE BOTH: 16 
CASE TITER : TRBC= # DS#+ COMMENT 
U 2 4 8 16 RE: SPLENECTOMY GENERAL 
TA 9 
| ++ + + - - POSITIVE BEFORE 
|03. Aged S4yrs) e " a4 R AND AFTER 
loa Y.B. 07 + - = = = POSITIVE BEFORE 
Aged i7yrs.| + - - “ . AND AFTER 
65 EE 9 +t - - - - POSITIVE BEFORE 
[ “Aged 4yrs.| + - - - “ AND AFTER 
& AM Q ++ ++ +7 ad + POSITIVE BEFORE oT ee ee hyper- 
OO aged35yrs| t+ | He | + + ' AND AFTER | finreemilitetios 
47 MC. 9 + + ~ - - POSITIVE AFTER | Adenereised p> te er ae 
| 07. ocytosis; splene \ - 
= Aged 33yrs.| + a z a ~ ish re-equillbrotion. aire 
/55*D.L. 9 + + aa ~ - - POSITIVE BEFORE Accompanying mild Hemolytic Anemia. 
| Aged24yrs.| + | we | + | we | + AND AFTER Wak kt it as 


























* Double inclusion Fig. 3 
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SPLENIC BLOOD 





Positive TRBc :23 with 


Positive DS. :18 with 





COMPARATIVE STUDIES OF PERIPHERAL AND SPLENIC BLOOD TITERS WITH 
Trac AND DEVELOPING SERUM IN HEREDITARY SPHEROCYTOSIS AND 
ACQUIRED HEMOLYTIC ANEMIA 
| SUMMARY : TOTAL PATIENTS STUDIED :30 
PERIPHERAL BLOOD 
Positive Trac :17 
NegativeTRGC : 7 
Positive DS. :15 
NegativeD.S. = 9 





































































































Positive Both : 3 
Positive Both :17 with Negative Both © 5 
. j i , : Positive Both : O 
VEIN ,= before epinephrine Negative Both: 6 with sailiaie. «a 
VEIN,= after Negative Both : 
cose BLOOD OBTAINED (|TITER : TRBCc= +D.5.=+ cose BLOOD OBTAINED TITERS 
FROM: U o 8 16 FROM: Uv 2 + 8 16 
PERIPHERAL BLOOD = = = = = PERIPHERAL BLOOD er | - + = 
6g | RESIDUAL SPLENIC BLOOD + + : . =] aq | RESIDUAL SPLENIC BLOOD mm) %2) ¢ * + 
SPLENIC VEIN, #2 = = = = SPLENIC ARTERY “ee | | bd + 
SPLENIC VEIN, + s = = = SPLENIC VEIN, bed + * + - 
SPLENIC VEIN, $2. oye - 2 z 
PERIPHERAL BLOOD = = = = = 54 | PERIPHERAL BLOOD bg # = = = 
69 | RESIDUAL SPLENIC BLOOD | * | - RESIDUAI. SPLENIC BLOOD bad bd + ; . 
SPLENIC ARTERY = J . 2 a 577 | PERIPHERAL BLOOD =i = + + : 
SPLENIC VEIN, Ri ae s = = RESIDUAL SPLENIC BLOOD ll i sje 
tre : = . = - PERIPHERAL BLOOD - = = = = 
s : ~ = = ¥ 23 ¥s ~ 
oe noe 2 z “ 2 “ SPLENIC ARTERY ¢ : : - |? 
RESIDUAL SPLENIC BLOOD | ** | * : = = 758) Spewic ver * - = ele 
10 ++ + “ = = LENIC VEIN, + + + t = 
eae STEN = 3 : “ 5 SPLENIC VEIN [SERRE ZE RE: 
ee re a. rvs e ; : PERIPHERAL BLOOD +t + = = = 
SPLENIC VEIN _= = so =f a = aa om = 
s =} =} — | ~ | = 159! pecipua sprewic Broo | eS | oe | | t | ot 
-sctmnageatiig + ” - - > PERIPHERAL BLOOD 22197] 8s : | % 
71 | RESIDUAL sPLENCBLooD | “SP | * | = = | = [40 _— ims! «| 4 | « 
SPLENIC ARTERY = = = : - RESIDUAL SPLENIC BLOOD + + + 2 = = 
SPLENIC VEINy + = = = = 142 | PERIPHERAL BLOOD bd = 3 = = 
SPLENIC VEINg A = = = a RESIDUAL SPLENIC BLOOD ? = = = = 
PERIPHERAL BLOOD + = = = = | 43 | PERIPHERAL BLOOD =< 3 = = = 
4 | SPLENIC ARTERY = ; 3 = = RESIDUAL SPLENIC BLOOD # ¢ = > - I 
eer oesadlenig + -d = i oi PERIPHERAL BLOOD + + = ~ = | 
SPLENIC VEIN = 3 > - = 1441 pesipuac sPLenic BLO0D + + - -/|- | 
PERIPHERAL BLOOD Hts) He | ae a Ce PERIPHERAL BLOOD | 4 7 ~ - 
23 | RESIDUAL SPLENIC BLOOD +H) # + ? £ 045! cies wine one pal. 3 : be = 
SPLENIC ARTERY 2 | + t rs a gp 2 = z = = 
++ ted - = - rt +t + = = 
Spence | +e + - = 147} pésiuar splenic BLO0D * 3 : : - 
SPLENIC VEINg ort fe} F 4 r. - z : ks - = | 
> + 
PERIPHERAL BLOOD > <= ---4 = = = 48 PERIPHERAL BLOOD - = = = = 
+++ te 
os | RESIDUAL smENceLooD | HHS) $ | = | = | = RESIDUAL SPLENIC BLOOD . A Wess Bs 208 Ms 
SPLENIC ARTERY +H + + = 4 4 50 PERIPHERAL BLOOD = a = = 
SPLENIC VEIN, +++ | + - . - RESIDUAL SPLENIC BLOOD — 1°28) ¢ = 
SPLENIC VEINg + | £ : = = PERIPHERAL BLOOD wri wae ts 
>7 | PERIPHERAL BLOOD a eae ” 152 RESIDUAL SPLENIC BLOOD picid piasts Basel 
7 +H S | ete | tte tote coos SPLENIC ARTERY Teer: | tees | te: 
RESIDUAL SPLENIC BLOOD + Ae dll +47 ++ ++ + SPLENIC VEIN tts oot S S 
' +++ Soapee +45 
28 | PERIPHERAL BLOOD esi | @ % ¢ SPLENIC VEIN, fee | 485 | tes 
RESIDUAL SPLENIC BLOOD H+ LA bed A BA PERIPHERAL BLOOD +: bd = 
3 | RESIDUAL SPLENIC BLOOD iw i 2 
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It would seem from these considerations that antibodies for red cells detect- 
able by the two methods employed are present in 47 per cent of the cases of 
hypersplenism as defined. Thus, it is possible to demonstrate accompanying 
antibodies in a considerable number of these conditions, which, although playing 
as yet an unknown clinical role, are in all other respects similar to the inecom- 
plete type anti-Rh antibody. This latter antigen has been ruled out as affecting 
the agglutinations in all but three instances in the present study. In three 
additional cases the antibody could be traced directly to sensitization by in- 
compatible transfused blood cells. 


DISCUSSION 

The differentiation between acquired hemolytic anemia and_ hereditary 
spheroeytic hemolytic anemia is important from the prognostie standpoint, but 
is frequently difficult to establish with routine clinical and laboratory methods. 
Elimination of all splenic tissue in hereditary spherocytosis will permanently 
correct the hemolytic anemia in over 98 per cent of all cases. On the other 
hand, splenectomy in aequired hemolytic anemia is much less effective in abolish- 
ing the clinical manifestations. The clinical picture, the quantitative studies 
of the peripheral blood and bone marrow elements, and the osmotic and mechan- 
ical erythrocyte fragilities may be very similar in both syndromes. Shen, 
Castle, and Fleming*® have pointed out a characteristic of erythrocytes in 
hereditary spherocytosis, viz. a marked accentuation of the mechanical fragility 
after incubation, as a means of differentiation. While the possibility of differ- 
ential diagnosis by demonstration of autoagglutinins in the aequired hemolytic 
anemias has been emphasized in recent vears, the concept, as Neber and Dame- 
shek have cited,’ was initially advocated by Widal, Abrami, and Brulé as early 
as 1908. The current claims, however, for developing (Coombs) serum!’ '? as 
a reliable differential diagnostic procedure have not been verifiable in our 
laboratory, since 32 per cent of our patients (eight cases) with proved hereditary 
spherocytosis have shown incomplete antibodies by one or both methods. The 
three cases of hereditary spherocytosis with demonstrable incomplete hemag- 
glutinins, as reported from other laboratories, were in acute hemolytic crisis.’* 
15,1921 Tn our series there was no direct relationship demonstrated between 
the presence or quantitative titers of antibodies and the hemolytic process. 

The sera from seventy (38 per cent) of the 185 patients studied with vari- 
ous hematologic dyscrasias showed a positive trypsinized red blood cell test, 
while sixty (32 per cent) had antibody globulins detected on the red blood cell 
by the developing serum test; in seventy-seven or 42 per cent, one or both tests 
were positive. Of the seventy-seven patients in whom one or both tests were 
positive, sixty-eight cases, or 88 per cent, manifested either active hemolysis or 
had had a recent history of associated hemolytic phenomenon, or exhibited an 
inherited trait of defective erythrocytes. Of the remaining nine instances with 
one or both tests positive, five were essential thrombocyopenie purpura (Fig. 5) 


and four were multiple myeloma. Only one of a total of six cases of essential 
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thrombocytopenic purpura showing positive tests had concomitantly associated 
hemolysis (Case 55, Figs. 3 and 5); no evidenee of hemolysis was demonstrable 
in the remaining five instances. 

The evidence so far indicates that the antibodies demonstrated with these 
techniques have probably been primarily associated with the hemolytic phenom- 
enon. The positive findings, therefore, obtained in clinically nonhemolytie 
patients are of particular interest. Increasing evidence in recent years has led 
us to regard essential thrombocytopenic purpura (Werlhof’s disease) as a 
specifie hypersplenic manifestation. In hypersplenie syndromes the type and 
quantity of circulating elements involved have been observed to change from 
time to time.** *? For example, in the same patient the hypersplenie mechanism 
may be manifested by an acute hemolytic crisis at one time, and on another 
occasion a thrombocytopenic purpura may develop without any hemolytic eom- 
ponent. Varying degrees of anemia, thrombocytopenia, and granulocytopenia, 
pure or in combination, have been encountered repeatedly clinically. The pre- 
sumptive evidence that these patients have at some time experienced erythrocyte 
sensitization is in line with recent concepts. It is a rare situation when removal 
of all splenic tissue does not correct the thrombocytopenia in a patient with 
essential thrombocytopenic purpura. ‘‘Generalized reticuloendothelial hyper- 
phagocytosis’’ occurred in two (Fig. 5; Cases 66 and 67) of our twenty-two 
cases of essential thrombocytopenic purpura studied in this series, and in both 
of these patients incomplete antibodies for erythrocytes were demonstrated with 
both techniques, but no hemolytic component was evident. Recently a throm- 
botic thrombocytopenic purpura with a positive developing serum (Coombs) 
test was reported by Singer and associates.2* Whether autosensitization to 
specific antigens from platelets and granulocytes occurs remains a problem for 
the future development of adequate methods for their recognition and detection. 

What relationship can these incomplete antibodies for erythrocytes bear 
to the pathologie ecytopenic states associated with the spleen? From these data 
it becomes apparent that circulating antibodies can be demonstrated with the 
newer techniques not only in 83 per cent of the acquired hemolytic anemias and 
32 per cent of the hereditary spherocytoses, but also in 27 per cent of the 
thrombocytopenic purpuras and in 66 per cent of the thalassemias. Hereditary 
spherocytosis and essential thrombocytopenic purpura are regarded as primary 
hypersplenie syndromes. A varying degree of splenic involvement, i.e. second- 
ary hypersplenism, may be manifested in acquired hemolytic anemia and in 
thalassemia, though rarely. In the study of the hypersplenie cases which allowed 
comparison of peripheral antibody titers with the splenic blood titers at the 
time of splenectomy, there were eighteen patients in whom antibody concen- 
trations were found to be higher in the splenic blood (Fig. 6). Even stronger 
positive evidence pointing to the hyperactive spleen as the source of these 
hemagglutinins is found in the five cases in which incomplete antibodies were 
demonstrable only in the splenic residual blood, and not in the peripheral blood. 

On the other hand are the six cases in which no antibody was present in 
either the peripheral blood or the splenic blood. The four cases of multiple 
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myeloma without evidence of hypersplenism also await adequate explanation. 
One can postulate a possible delayed antibody production in a short but intense 
clinical episode or a genetically modified immunologic capacity as explanations 
in the former group. The pathologic globulin elevations of multiple myeloma 
are in all probability associated in some way with the positive findings there. 
These questions along with the lack of a consistent correlation between the 
presence or titer of antibody and the clinical evidence of active hemolysis, and 
the persistence of appreciable agglutinin titers after splenectomy, but with 
prompt clinical cessation of all signs and symptoms, will undoubtedly be better 
understood when the precise role of antibodies in the various diseases studied 
herein is clarified. 

As usually understood, antibody in vivo is an antigenically modified globulin, 
produced by the reticuloendothelial system of phagocytic cells, and/or lympho- 
eytes, and/or plasmacytes, which globulin has a specific protective immune 
function. In vitro measurements of agglutinins, precipitins, opsonins, ete., do 
not necessarily indicate the measure of the protective function. Antibody titers 
determined in vitro may fluctuate over a wide range without any consistent 
parallel in vivo effect. 

Autosensitization is not a new concept considering Ehrlich’s early postula- 
tion of the state of ‘‘horror autotoxicus’’; and specific sensitization by ordinarily 
nonantigenie substances through combination with the altered protein of host 
cells has been frequently suggested. Aside from the cold-agglutinin, it has been 
only recently that evidence has been presented indicating autoimmunization 
with erythrocytes. 

The newer data revealed with the recently devised techniques are requiring 
a revision of our concepts and thus of our investigative approach to many 
hematologic problems. Incomplete antibodies will not agglutinate untreated, 
normal cells in vitro. However, they are specific not only for the erythrocytes 
of the individual producing them but for normal erythrocytes in general, this 
specific combination in vitro or in vivo being demonstrable by developing serum 
(Coombs). Erythrocytes ‘‘optimally’’ treated with trypsin are agglutinated 
directly in saline by serum containing these antibodies but not by normal serum. 
If the enzymatic procedure is carried beyond this ‘‘optimum,’’ agglutination 
is produced by most normal sera, indicating possibly the widespread presence 


oe 


of normally occurring antibodies for enzymaticaly modified erythrocytes. Such 
antibodies for red blood cells in normal sera modified by various viral, bacterial, 
and plant enzymes have been described by Thomsen,*? Burnet and Anderson,** 
Pickles,44 Wheeler, * and Moskowitz and Treffers.*? Interesting from the 
present viewpoint is the fact that these antibodies are apparently not specific 
for normal, untreated cells, as are those from autoimmunized persons, since in 
all studies using the developing serum technique, normal cells tested directly 
after washing, or after having been treated with normal serum, do not ag- 
glutinate and in fact are used as controls. 

The facts based on the unique opportunity presented by the spleen’s char- 
acteristic anatomic, physiologic, and immunologic potentialities would seem to 
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warrant the hypothesis that the spleen can and very probably does play a 
special role in the production of autohemageglutinins. An aeccentuation of its 


normal reservoir function for blood cells may result from any of a number of 
causes that derange the delicate vascular sinusoidal-parenchymal equilibrium, 
resulting in an alteration in the number and type of those elements withheld 
from the general circulation. Another normal splenic function is that of re- 
moving from the peripheral circulation all defective, damaged, or senile cells; 
any inerease in debilitated cells requiring removal would engorge the splenic 
sinuses and stimulate phagocytosis by the reticuloendothelial macrophages. 















Vai SMOOTH MUSCLE 





(PERIPHERAL- CIRCULATION] 


Fig. 7.—A hypothesis of the immunologic phases of hypersplenism: A slowing of the cir- 
culation through the spleen by any of a number of causes may upset the delicate vascular 
equilibrium and reserve blood balance and cause changes in the quality and integrity and 
therefore, the stability of the withheld formed elements to the degree that facilitates their 
phagocytosis by the reticuloendothelial macrophages. These cells have been shown to be at 
least one source of and to play a major role in antibody synthesis. With the increased anti- 
genic material being supplied, the production of antibodies mounts. They enter the circulation, 
sensitize other freshly delivered normal cells from the bone marrow, and these newly auto- 
sensitized cells agglutinate and then become more easily withheld in the sluggish circulation of 
the splenic vascular beds, establishing a vicious destructive cycle. 





Sabin*® and Houghton*® ** have been among those who have confirmed the fact 
that these clasmatocytes (macrophages) are one source of antibody in the 
animal organism, or at least play some major role in antibody formation. With 
the increased antigenic stimulation provided by these hypersequestered cells, 
the result may well be an increased production of antibodies, which, upon enter- 
ing the general cireulation, sensitize still more normal erythrocytes (Fig. 7). 
These cells, sensitized by incomplete antibody, and exposed in turn to the hemo- 
coneentrating and deplasmerizing effect of the splenic sinusoids, find this environ- 
ment conducive to weak agglutination. Thus a vicious ecyele is initiated origi- 
nally, either by local circulatory stasis or by a defective cell type withheld and 
incorporated within the splenic reserve and/or residual blood. Any increased 
activity of the immunologic mechanisms may accentuate and perpetuate the 
cyele. The process having been started in the recesses of the spleen, it may in 
some instances result in still further elaboration of specific cellular agglutinins 
in other organs and tissues in which reticuloendothelial cells are capable of this 
immunologic reaction—for example the Kupffer cells of the liver sinuses. 
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Threshold antigenic doses of the modified cells may escape the splenic congestion 
and in the peripheral circulation provide the opportunity for other reticulo- 
endothelial phagocytic elements to remove the increasing number of sensitized 
erythrocytes. Eliminating the other mechanisms involved in some of the hemoly- 
tie phenomena, these patients with ‘‘pure’’ hypersplenic cytopenia, as here 
defined, may anticipate complete hematologic and clinical re-equilibrium after 
removal of all splenic tissue. The benefit of splenectomy may be due in part 
‘eell sludge,’’ 


‘ 


to the removal of a large sinusoidal vascular bed favorable to 
and in part to the removal of the largest localization of phagocytic, antibody- 
forming cells. This cytoimmunologic concept explains the therapeutic failure 
and recurrences of excessive cell destruction despite compensatory marrow 
hyperplasia following splenectomy, in terms of (1) accessory splenic tissue still 
present and (2) hyperimmune circulating antibodies stimulating generalized 
extrasplenie reticuloendothelial hyperplasia and hyperphagovytosis again in a 
vicious cycle, at present unaffected favorably by any known medical or surgical 
measures. 
SUMMARY 


A study of incomplete antibodies with the developing serum (Coombs) and 
the trypsinized red blood cell techniques has been made in a series of hemolytic 
anemias and other hematologic dyserasias. 

This study has failed to confirm the validity of the developing serum 
(Coombs) test as a reliable diagnostic procedure to differentiate acquired 
hemolytie anemia and hereditary spherocytosis. 

Of seventy-seven patients with positive tests, sixty-eight (88 per cent) 
manifested either an active hemolysis, had a recent history associated with the 
hemolytic phenomenon, or exhibited an inherited trait of defective erythrocytes. 

Of the nine patients (12 per cent) with one or both tests positive and 
exhibiting no hemolysis, five had essential thrombocytopenic purpura. A previ- 
ous erythrocyte sensitization is hypothesized and is in line with recent concepts 
of the hypersplenie phenomena. The four remaining positive nonhemolytic 
cases were multiple myeloma; this may be related to the hyperglobulinemia. 

Comparative studies of circulating peripheral and splenic antibodies were 
made in thirty eases at the time of splenectomy. The generally higher titers 
and quantitative agglutination in the various dilutions of the splenic residual 
blood focus consideration on the spleen as the initiating source and perpetuator 
of the autosensitizing antibodies. 

The relationship of these incomplete antibodies to erythrocytes, granulocytes, 
and thrombocytes in the various pathologie cytopenic states associated with 
hypersplenie activity is hypothesized and discussed. 

We wish to thank Mr. William Frederick Shepard of the Division of Medical Illustra- 
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THE ANEMIA OF CANCER PATIENTS AND ITS RELATION 
TO METASTASES TO THE BONE MARROW 
Suu Cuu SHEN, M.D., ANp F. HomBurcer, M.D. 
Boston, Mass. 


INTRODUCTION 


HE terms myelopathie anemia, osteosclerotic anemia, chronic nonleucemic 

myelosis, leucoerythroblasti¢ anemia, and myelophthisiec anemia are applied 
to the anemia allegedly resulting from morphologic replacement of the bone 
marrow by neoplastic or connective tissue. ** * It is usually considered that 
anemia in cancer patients, excluding that obviously due to blood loss or, in 
rare instances, to hemolysis, is due to bone marrow invasion. This mechanical 
explanation does not, however, gain the credence of certain competent authori- 
ties,» ° who point out that the unaffected areas of the marrow do not take over 
the compensatory activity which might be expected on the basis of this theory. 
Furthermore, we have frequently encountered cancer patients with anemia 
in whom no underlying pathologie condition of the skeleton was present, and, 
conversely, we have encountered patients with extensive metastases to bone 
marrow who demonstrated no anemia. 

These simple contradictory clinical observations and the lack of agreement 
in the literature concerning the etiology of anemia associated with cancer led 
us to question whether or not the mechanical explanation of anemia in these 
patients was wholly correct. Accordingly, the following studies were made. 
(1) The relation of the incidence and severity of anemia to bone marrow metas- 
tases was studied by analysis of the morphologic data concerning the peripheral 
blood and by correlation of these data with bone marrow involvement in 193 
patients with advanced carcinoma. (2) A hematopoietic agent, cobaltous 
chloride, was given orally to selected patients, with and without metastases to 
bone, in order to ascertain whether the bone marrow of these patients was 
capable of increased red cell production. 

The purpose of this paper is to report the results of these studies and to 
attempt to evaluate the relation of anemia to metastatic invasion of the bone 
marrow. 

For simplicity, the anemias observed in this study were classified as follows. 

(1) Anemia due to blood loss. These patients had either occult blood in 
the stool, demonstrable by the guaiae test, or a recent history of definite blood 


loss. 
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(2) Anemia due to nutritional deficiency. These patients either responded 
to specific nutritional therapy or demonstrated a spontaneous return to normal 
hemoglobin levels after a period of hospitalization. 

(3) Anemia due to hemolysis. These patients had either a positive Coombs 
test or an increase in the osmotic or mechanical fragility of their red cells to- 
gether with reticulocytosis, hyperbilirubinemia, and an increased output of 
blood pigments. 

(4) Anemia due to myelopathy. These patients had either metastases to 
bone, demonstrable by marrow aspiration or by x-ray, or else had no character- 
isties which would permit classification in any of the preeeding categories. 

(5) Anemia due to myelopathy and to blood loss. These patients had an 
anemia out of proportion to the amount of blood lost, or the anemia persisted 
long after bleeding ceased, or there was evidence of osseous metastases in ad- 
dition to blood loss. 

For the practical purposes of statistical analysis, the degree of anemia was 
also arbitrarily divided into three groups. A hemoglobin above 80 per cent 
was considered normal. Those anemias with a hemoglobin of 70 to 80 per cent 
were classified as mild, with a hemoglobin of 55 to 69 per cent as moderate, with 
a hemoglobin of less than 55 per cent as severe. 


METHODS 


The red and white cell counts were made on oxalated venous blood with U. S. 
Bureau of Standards pipettes and counting chambers. The hemoglobin was determined 
with an Evelyn photoelectric colorimeter, using 15.6 grams of hemoglobin per 100 c.c. 
as 100 per cent. Hematocrit determinations and red cell indices were performed by the 
method of Wintrobe, and the icterus indices were determined by comparing plasma with 
dichromate standards. Reticulocytes were counted on cover slips previously coated with 
a film of brilliant cresyl blue (0.5 per cent) dissolved in 95 per cent alcohol. After the 
film was dry, a fresh drop of blood was spread upon the cover slip in the usual manner 
and was thereafter fixed and counterstained with Wright’s stain. The percentage of 
reticulocytes was then estimated by a count of at least 1,000 red blood cells under the 
oil immersion lens. The absolute number of reticulocytes was calculated by multiplying 
the total red blood count by the per cent of reticulocytes. 

In order to detect the presence of hemolytic processes, the osmotic fragility of the 
erythrocytes was determined quantitatively by the method of Shen, Ham, and Fleming? 
and the mechanical fragility by the method of Shen, Fleming, and Castle.8 Coombs tests 
were also made by the method of Coombs, Mourant, and Race.? Two drops of a 5 per 
cent suspension of the patient’s washed red blood cells in normal saline were added 
to an equal volume of rabbit antihuman globulin serum. The sample was then in- 
cubated for one hour at 37° C. A drop from each sample was carefully pipetted from the 
bottom of the tube and was examined for agglutination under the microscope. If it were 
found to be positive, the titers of the direct Coombs test and the indirect Coombs test1° 
were done as follows. 

Two drops of the 5 per cent suspension of red blood cells were incubated at 37° C., 
for one hour with 2 drops from each tube of a series of saline dilutions of the antihuman 
serum rabbit serum. Thereafter, each red blood cell suspension was examined micro- 
scopieally for evidence of agglutination. The red blood cells used for the indirect Coombs 
tests were obtained from normal individuals of group O. These cells, after being washed 
three times in physiologic saline and made up to a 5 per cent suspension in physiologic 
saline, were sensitized with aliquots of the patient’s serum which had been adjusted to 
pH’s of approximately 6.5, 7.0, and 7.8 according to the method of Gardner.11 After 
sensitization the procedure used for the direct Coombs test was followed. 
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Occult blood in the stool was sought by the guaiac test. 

Bone marrow puncture was made in most instances in the iliac crest near the an- 
terior superior spine and in some instances in the midsternum at the level of the second 
interspace, 

On each of the 193 patients a complete blood count was done on admission and on 
several occasions thereafter. On those patients with anemia, the additional hematologic 
studies already described, including bone marrow aspirations, were done. During the 
control periods and during periods of therapy, frequent red and white cell counts, hemo 
globin determinations, hematocrits, reticulocyte counts, and icterus indices were per- 
formed. Bone marrow punctures were done at appropriate times in order to determine 
the comparative effects of the cobalt therapy on the marrow cytology. 

During the control period of not less than five days, and in many instances over 
forty days, and during the periods of hematopoietic therapy, reticulocyte counts were 


done daily and complete blood counts at least every other day. 


RESULTS OF STATISTICAL ANALYSIS 
Relation of Anemia to Osseous Metastases—Table I shows that of the 193 
cancer patients seventy-seven (39.9 per cent) had a normal level of hemoglobin 
and 116 (60.1 per cent) had a definite anemia. Of the 116 patients with anemia, 
the anemia of fifty-two (44.9 per cent) was of mild degree, of forty-two (36.2 
per cent) of moderate degree, and of twenty-two (19.0 per cent) of severe de- 
gree. Furthermore, of the seventy-seven patients without anemia, twenty-six 
(33.8 per cent) had evidence of bony metastases; whereas of the 116 patients 
with anemia, in only twenty-four (20.7 per cent) could such evidence be found. 
Conversely, in the fifty patients in whom metastsases were evident, only twenty- 
four (48 per cent) had anemia, as contrasted with the incidence of anemia in 
ninety-two (64.3 per cent) of the 143 patients without metastases. These data 
would seem to imply that the incidence of metastases to bone marrow is cer- 
tainly no greater in cancer patients with anemia than in cancer patients without 
anemia. Even more pertinent, it would appear that the incidence of anemia 
is no greater in the presence of metastases than in their absence. 


TABLE I. INCIDENCE OF ANEMIA IN 193 PATIENTS WITH ADVANCED CANCER AND THE 
RELATION OF ANEMIA TO BONY METASTASES 


| a SEVERE 


MILD MODERATE 11GB. BELOW 
HGB. 70-80% HGB. 55-69% 55% | TOTAL CASES 
no. | % NO. % | NO. N NO. | %. 
No anemia: 77 cases 
(39.9%) 
Metastases to bone 26 338 
present 
Metastases to bone 51 66.2 
absent 
Total re : 77..~+~«2100.0 
Anemia present: 116 
eases (60.1% 
Metastases to bone 14 12.1 6 5.2 4 5 24 20.7 
present 
Metastases to bone 38 22.8 36 31.0 18 15.5 92 79.3 
absent 


~ Total 52 34.9 42 362 22 19.0 116 100.0 — 
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Classification of Anemia Associated With Cancer.—In Table II the 116 
cases of anemia are classified according to the eriteria deseribed. Sixty-five 
(56.0 per cent) of the 116 cases are classified as myelopathie, fifteen (12.9 per 
cent) as myelopathic complicated by blood loss, and thirty-three (28.5 per cent) 
as due to blood loss alone. Only three (2.6 per cent) were due to hemolysis. 
No case of nutritional anemia was encountered. It should be noted that of the 
twenty-two instances of severe anemia, eighteen were associated with blood 
loss; and of the sixty-five cases classified as myelopathic uncomplicated by blood 
loss, only three were severe. It would appear, then, that severe anemia in a 
cancer patient is usually due to blood loss, and that anemia of the myelopathic 
type is not usually severe. Moreover, of the sixty-five cases of anemia of the 
myelopathie type not associated with blood loss, forty-three yielded no evidence 
of osseous metastases. This suggests that even when the eases due to blood 
loss or hemolysis are excluded, anemia does not occur more frequently in 
cancer patients with metastases to bone than it does in eancer patients without 


such metastases. 


TABLE II. CLASSIFICATION OF 116 CASES OF ANEMIA FOUND IN CANCER PATIENTS 


~ SEVERE 











MILD MODERATE |  HGB, BELOW 
HGB. 70-80% | HGB. 55-69% | 559% | TOTAL CASES 
TYPE OF ANEMIA | NO. “ NO. | & | No. | % | MO] % 
Blood loss 13 11.2 11 9.5 9 7.8 33 28.5 
Hemolytic 2 1.7 0 0 1 0.86 3 2.6 
Myelopathic 36 31.0 26 22.4 3 2.6 65 56.0 
Bony metastases 14 12.1 6 5.2 2 a | 22 18.9 
present 
Bony metastases 22 18.9 20 17.2 1 0.86 43 37.1 
absent 
Myelopathie and 1 0.86 5 4.3 9 7.8 15 12.9 
blood loss 
Bony metastases 0 0 0 0 2 i Ey § 2 Lf 
present 
Bony metastases 1 0.86 5 4.3 7 6.1 13 11.2 
absent 
Total - §2 ~~ 44.8 ~ 42 36.2 22 19.1 116 100 





Morphology of Anemia Associated With Cancer.—Table III shows the 
distribution of mean corpuscular values among these 193 cancer patients. It 
may be seen that in the myelopathie group of anemias, hypochromia and micro- 
cytosis are definitely less pronounced than in the anemias associated with hlood 
loss. The reticulocyte counts were normal or very slightly elevated. Very 
rarely, nucleated red blood cells appeared in the peripheral blood; if they were 
present, the anemia was usually severe. White cell counts were occasionally 
slightly increased. Such increases usually were accompanied by a polymorpho- 
nuclear leucocytosis and a shift to the left, or clinically by bouts of fever, and 
were presumed to be due to infection or necrosis of neoplastic tissue. The 
plasma pigments were not increased unless metastases to the liver were evident. 
Serum iron determinations were not done. In general, the blood picture differed 
in no obvious way from that of the anemia associated with chronic infection. 
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TABLE III. DistRIBUTION OF MEAN RED CORPUSCULAR VALUES IN 193 CANCER PATIENTS 





MCV (C.m) l MCH (yy) “MCHC (%) 

NuM-| BE- | BE- | | BE- 

BER | ABOVE|/NORMAL| LOW ~~ |NORMAL| LOW | ABOVE |NORMAL| | Low 
TYPE OF | or | 92 | 82-92] 82 | 31 | 27-31] 27 | 36/ 32-36 | 32_ 
ANEMIA CASES % % % | %\ % | &® %| % | % 

No anemia 77 | 299 | 675 | 26/169 | 75.3 | 78 | 3.9 | 61.0 | 35.1 
~ Myelopathie 65 | 27.7 | 67.7 | 46 | 139 | 66.1 | 200 | 15 | 44.6 | 53.9 
Blood loss 33 | 27.3 | 454 | 273] 91 | 39.4 | 51.5 | 0 21.2 a 78.8 
Myelopathie and { 15 | 26.7 | 60.0 | 13.3 | 0 53.3 46.7 0 ~ 26.7 | 73.3- 

blood loss | | | 
ERYTHROPOIETIC EEFECT OF COBALTOUS CHLORIDE* 


Table IV is a summary of the effects of cobaltous chloride on the sixteen 
patients to whom it was administered. All patients received cobaltous chloride 
tablets (20 mg.) by mouth in doses of 60 to 240 mg. daily. Group A ineludes 
the patients in whom there was evidence of osseous metastases and is comprised 
of five cases of carcinoma of the prostate and three cases of carcinoma of the 
breast. Two patients of this group (Cases 7 and 8) were unable to tolerate 
the cobalt after four and five days. This was considered too brief a period for 
adequate evaluation of therapy. In all other patients a significant increase in 
reticulocytes occurred within five to eleven days after cobalt therapy was in- 
stituted. Two patients (Cases 4 and 5) had a reticulocyte response, but death 
occurred before an elevation of hemoglobin might have been expected. In one 
patient (Case 6) the red cell count and hemoglobin remained at the initial 
levels for twenty-four days in spite of an adequate Peers response to 
treatment. In the remaining three patients (Cases 1, 2, and 3), all of whom 
had previously failed to respond to prolonged oral therapy with ferrous sulfate, 
2 Gm., and liquid extract of liver, U.S.P—Valentinet, 1 U.S.P. unit daily, the 
reticulocyte response was followed by an increase in hemoglobin, hematocrit, 
and red blood cell levels. 

Group B ineludes the patients in whom there was no evidence of osseous 
metastases and is made up of patients with various types of carcinoma as noted 
in Table IV. All had evidence of regional and/or distant, but not osseous, metas- 
tases. Toxic manifestations from cobalt required cessation of the drug after 
five or six days in four patients in this group (Cases 12, 14, 15, and 16) and 
precluded adequate evaluation of the therapy. In one patient (Case 13) no 
hematologic improvement was achieved with either iron and liver or cobalt. 
The remaining three patients (Cases 9, 10, and 11), one of whom (Case 9) had 
received previous treatment with iron and liver without effect, all had definite 
reticulocyte responses followed by inereases in red blood count, hemoglobin, 
and hematocrit. 

Of the sixteen patients, nine showed evidence of toxicity due to cobalt which 
required that the drug be discontinued in six. Toxie symptoms were pre- 
uaa chloride Was provided by Smith, Kline & Frencin Laboratories, Phila- 


{The liquid extract of liver was provided by the Valentine’s Meat Juice Co., Richmond, 
Va. 
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dominantly related to the upper gastrointestinal tract and included anorexia, 
nausea, epigastric burning, and vomiting. Muscle pains occurred in two pa- 
tients, and in one there was an episode of substernal pain suggesting angina 
pectoris. 
ILLUSTRATIVE CASES 

Case 3. Reticulocyte and Hemoglobin Response to Cobalt.—This patient (Fig. 1) was 
a 73-year-old man who had a carcinoma of the prostate with x-ray evidence of metastases 
to the pelvis. Blood studies on admission revealed a red cell count of 3.17 million per 
cubic millimeter, a hemoglobin of 72 per cent, and a hematocrit of 32 per cent. The 
reticulocyte count was 38,040 per cubic millimeter. There was no response to the oral 
administration of ferrous sulfate, 2.0 Gm. a day, for twelve days 


, nor thereafter to liquid 
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Fig. 1.—(Case 3.) Carcinoma of prostate with osseous metastases to pelvis. Response 


to orally administered cobaltous chloride after failure to respond to ferrous sulphate and 
liquid extract of liver, U.S.P.—Valentine. 


extract of liver, U.S.P.—Valentine, 1 U.S.P. unit a day for sixteen days. There was, 
however, a striking reticulocyte response after cobaltous chloride, 120 mg. a day, with a 
peak of 115,700 per cubic millimeter on the eighth day of cobalt therapy. When the 
dose of cobalt was increased to 180 mg. a day, a slight reticulocytosis persisted, although 
there was no second peak. The red cells, hemoglobin, and hematocrit reached normal 
values forty-seven days after the institution of cobalt therapy. 


Case 2. Reticulocyte and Hemoglobin Response to Cobalt in Spite of Progression of 
Osseous Metastases.—This patient (Fig. 2) was a 70-year-old woman who had carcinoma of 
the breast with extensive metastases to the skull, spine, ribs, and pelvis (Fig. 3). The red 
blood cell count on admission was 3.34 million per cubic millimeter, hemoglobin 62.2 per cent, 
hematoerit 30 per cent, and reticulocyte count 60,800 per cubie millimeter. After a control 
period of thirteen days, during which there was no change in the patient’s blood values, she 
was given a fifteen-day course of ferrous sulfate, 2.0 Gm., and liquid extract of liver, U.S.P,— 
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Fig. 2.—(Case 2.) Carcinoma of breast with extensive bony metastases. Response to 
administered cobaltous chloride after failure to respond to ferrous sulfate and liquid 


or crude liver powder or ferrous sulfate alone. 
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Valentine, 1 U.S.P. unit daily by mouth. This was followed by an eight-day course of crude 
liver powder, 40 Gm. daily, and then by a nineteen-day course of ferrous sulfate, 2.0 Gm. 
a day. There was no change in the blood values at the end of this time and the reticulo- 
cyte counts showed no significant increase. The patient was then given cobaltous chloride, 
120 mg. daily by mouth. On the eleventh day the reticulocyte count reached a peak of 
143,800 per cubic millimeter. On the eighteenth day the dose was increased to 160 mg. 





Fig. 4.—(Case 2.) X-ray of pelvis after cobaltous chloride therapy showing progressive 
osteolytic changes. 


a day and eight days thereafter another reticulocyte peak of 137,500 per cubie millimeter 
occurred. Following the reticulocyte response, the red cells, hemoglobin, and hematocrit 
rose steadily and reached normal levels by the end of three weeks of cobalt therapy. An 
x-ray of the pelvis, taken at the conclusion of the cobalt therapy, showed that destruction 


of bone had progressed (Fig. 4). 


Case 5. Reticulocyte Response to Cobalt, With Death Occurring Before Hemoglobin 
Response Might Have Been Expected.—This patient (Fig. 5) was a 75-year-old man with 
carcinoma of the prostate who was admitted for terminal care. X-rays revealed that the 
entire skeleton was extensively involved with osteoblastic metastases. Admission studies 
showed a red cell count of 2.42 million per cubic millimeter, hemoglobin 48 per cent, hematocrit 
23 per cent, and reticulocytes 31,500 per cubic millimeter, During a control period of nineteen 
days on the usual hospital diet, there was no change in the red cell or hemoglobin levels or 
in the reticulocytes. On the twentieth day after admission the patient began to receive 
cobaltous chloride, 120 mg. a day, by mouth, He tolerated the drug very well, and after six 
days the dose was increased to 180 mg. a day. There was a prompt and striking increase 
in reticulocytes, but the patient expired suddenly fourteen days after the institution of 
cobalt therapy. On the day of death the reticulocyte count was 104,400 per cubic milli- 
meter. There was no significant increase in red cells, hemoglobin, or hematocrit. 
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Case 6. Reticulocyte Response to Cobalt Not Followed by Hemoglobin Response in 
Spite of Adequate Therapy.—This patient (Fig. 6), a 58-year-old woman, was admitted for 
metastatic carcinoma originating in the left breast. She complained of back pain, and x-rays 
demonstrated extensive skeletal lesions of the metastatic type with a fracture of the left 
sixth rib and compression of the eleventh thoracic and third lumbar vertebrae. The red cell 
count was 3.3 million per cubic millimeter, hemoglobin 58.3 per cent, hematocrit 28.8 per cent, 
and reticulocyte count 23,300 per cubic millimeter. During the control period of fifty days, 
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Fig. 7.—(Case 9.) Carcinoma of rectum with metastases to lymph nodes but no evi- 
dence of bony metastases. Response to orally administered cobaltous chloride after failure to 
respond to ferrous sulfate and liquid extré act of liver, U.S.P.—Valentine. Hemoglobin and 
aan cell levels returned to previous levels two months after cobaltous chloride was dis- 
continued. 


while the patient was an outpatient and received no specific therapy, there was a slight decline 
in the red cell count, hemoglobin, and hematocrit. She was then admitted to the hospital 
and was given cobaltous chloride, 120 mg. daily. There was a prompt reticulocyte response 
with a peak of 141,100 per cubic millimeter on the eighth day. The reticulocyte response 
was not followed ay a rise in the red cells and hemoglobin, and, in fact, these values con- 
tinued to decline slowly. There was no evidence of blood loss, On the seventeenth day after 
cobalt was begun, the dose was increased to 180 mg. a day, Thereupon the patient developed 
nausea, vomiting, and muscle pains; and after eight days on this dosage the drug was dis- 
continued. No reticulocyte response was noted and the red cells, hemoglobin, and hematocrit 
continued their slow decline. 


Case 9. Reticulocyte and Hemoglobin Response to Cobalt With Return of Blood Values 
to Pretreatment Levels After Cessation of Therapy.—This patient (Fig. 7) was a 70-year-old 
woman who had had an abdominoperineal resection for a carcinoma of the rectum two years 
before admission. Following the operation, however, she gradually developed ascites and 
enlargement of the inguinal lymph nodes. Repeated stool examinations were negative for 
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blood. Skeletal x-rays showed no evidence of metastases and aspiration of the iliae marrow 
revealed no tumor cells. On admission the red eell count was 3.04 million per eubie milli- 
meter, hemoglobin 67.3 per cent, hematocrit 29.2 per cent, and reticulocyte count 9,100 per 
cubic millimeter. During the control period of thirty-eight days on the usual hospital diet, 
there was no change in the red cells, hemoglobin, or hematocrit. The reticulocytes varied 
between 9,100 and 61,100 per cubic millimeter. The patient was then given ferrous sulfate, 
2.0 Gm., and liquid extract of liver, U.S.P.—Valentine, 1 U.S.P. unit daily by mouth, for 
forty-two days. With this therapy there was no significant change in red blool count or 
hemoglobin, and the highest reticulocyte count was 59,000 per cubic millimeter. The patient 
was then given cobaltous chloride, 60 mg. a day. On the fourteenth day the reticulocytes 
reached a peak of 102,000 per cubic millimeter. On the following day the dose of cobalt 
was doubled. Because of gastrointestinal symptoms, after eight days the dose was reduced 
to 60 mg. a day. Nevertheless, a second reticulocyte peak of 136,000 per cubic millimeter 
occurred eleven days after the doubled dose had been started, Because the patient tolerated 
60 mg. of cobaltous chloride a day for thirteen days, the dose was again doubled and the 
patient was successfully maintained for thirty days on 120 mg. a day. There was no 
further reticulocyte peak. During the period of cobalt administration, however, the red 
cell count, hemoglobin, and hematocrit reached normal levels. When the drug was dis- 
continued after a total of sixty-five days because of a recurrence of the gastrointestinal 
symptoms, the red cells, hemoglobin, and hematocrit returned gradually to their pre- 


treatment levels over a period of about two months. 


DISCUSSION 


Cobaltous chloride or cobaltous nitrate has been shown to produce poly- 
eythemia in normal mammals, Amphibia, and birds. Weissbecker and 
Maurer’ and Berk, Burchenal, and Castle’? have reported that the daily oral 
administration of cobaltous chloride to normal subjects regularly produces 
reticulocyte responses followed by increases in red cell, hemoglobin, and hemato- 
erit values. Wintrobe and others'* have shown that in rats cobalt will eliminate 
the anemia previously produced by injections of turpentine. The work of Berk 
and associates'? and of Robinson, Watson, and Kark'® indicates that the drug 
given orally to patients with the anemia of chronic infection produces a mild or 
moderate increase in reticulocytes within ten days, followed by a rise of the 
red blood count and hemoglobin to normal levels. Subsequently Kark'® demon- 
strated hematologic responses to cobalt in patients with anemia associated with 
prostatic carcinoma. Berk and co-workers’? showed that patients with refrac- 
tory anemia fail to respond to cobalt therapy and suggested that, in general, 
significantly anemic patients of any variety could not be expected to be bene- 
fited. 

The resemblance of anemia due to chronic infection and the myelopathic 
anemia of cancer patients is striking in many respects. (1) Both anemias are 
slight or moderate in degree; that is, the red blood cell count is usually over 
three million per cubic millimeter and the hemoglobin level about 60 per cent. 
(2) Both anemias are normocytie or slightly microcytic and normochromie or 
slightly hypochromic. (3) Both anemias show normal or very slightly increased 
reticulocyte counts and normal plasma bilirubin values. (4) Both anemias fail 
to respond to other known hematopoietic agents such as iron or liver. (5) 
Brock and Hunter’ ** have shown that massive doses of iron are not fully 
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utilized. Wintrobe and others'*'® demonstrated that hypoferremia occurs in 
anemia associated with chronic infection and pointed out the accumulation of 
iron in the liver, spleen, and tissues which oecurs in cases of anemia associated 
with malignancy. These observations suggest that in both anemias the tissues 
have an increased affinity for iron, presumably due to a fault in the inter- 
mediary metabolism of iron utilization. (6) Clinieally, the similarity between 
these two anemias is further suggested by the frequent occurrence in cancer 
patients of necrosis of neoplastic tissue which is often associated with secondary 
infection and inflammation. 

In view of the evidence that cobalt is effective in the anemia associated 
with infection and in view of the similarities between the anemia associated 
with cancer and that associated with infection, it seemed logical to try cobaltous 
chloride as a hematopoietic agent for these cancer patients. A reticulocyte 
response after administration of the drug was observed in all six patients with 
metastases to bone and in three of four patients without metastases who could 
tolerate cobalt for an adequate trial. These observations offer further evidence 
for the possible identity of the defect producing anemia in cancer and in chronic 
infection. 

Although the mechanism of action of cobalt on erythropoiesis is as yet 
not completely understood, it has been suggested by numerous authors”® that 
cobalt inhibits respiration in animal tissue and tumors, thus producing cellular 
‘‘anoxia’’ in the bone marrow and in turn inducing a compensatory polycy- 
themia. Recent work*! has demonstrated that cobalt may induce the formation 
of reversible complexes of the amino acids, histidine and cysteine, with oxygen. 
It is possible, therefore, that cobalt might combine with and block sulfhydryl] 
groups and perhaps other groups active in cellular respiration, and thus inter- 
fere with the transport of oxygen to the erythroid cells of the bone marrow. 
There is no in vivo evidence that the presumed anoxia is due to the formation 
of methemoglobin, although ascorbie acid, an agent which effectively reduces 
methemoglobin, inhibits the effects of cobalt in producing polyeythemia in 
rabbits.?” 2 It also has been postulated that the hematopoietic effect of cobalt 
is concerned with its action on the bacterial flora of the gut in promoting the 
synthesis of vitamin B,,.?*?8 This is unlikely, however, since cobalt does not 
appear to be effective in pernicious anemia in relapse,'* nor is liver extract con- 
taining vitamin B,, effective in the treatment of the mild anemias that respond 
readily to cobalt. 

Whatever the mode of action of cobalt on erythropoiesis may be, the hema- 
tologie responses of the patients in this study as contrasted with the complete 
ineffectiveness of cobalt in refractory anemia strongly suggest that the erythro- 
poietic reserve of the bone marrow in these patients had not been totally ex- 
hausted by neoplastic replacement. 

That marrow replacement is not usually an important factor in the etiology 
of anemia associated with cancer is substantiated by the results of the statistical 
analysis of our cases, which indicates that there is no positive correlation be- 
tween the incidence of anemia and the occurrence of osseous metastases. As 
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shown in Tables I and II it may be seen that the patients with anemia without 
osseous Metastases actually outnumber those with metastases to bone; further- 
more, this relationship exists even in that group designated as due to myelopathy 
alone. Conversely, anemia is equally frequent in patients with metastases and 
in those without metastases. 

It would thus appear that the etiology of myelopathic anemia in cancer 
patients and that of the secondary anemia of chronie infection are related. 
Both anemias may be due either to inhibition of the bone marrow by toxic 
products elaborated by tumor tissue or by the infectious process or to a dis- 
turbance of the metabolism of certain amino acids which are required to com- 
bine with iron for the production of the hemoglobin. It Coes not seem likely 
that neoplastic tissue removes some hematopoietic factor as an essential for 
its autonomous growth.° 

Finally, it should be noted that in all the patients treated with cobalt, with 
or without hematologic response, clinical improvement was not otherwise ap- 
parent. Indeed, the patients’ appetites were usually impaired, they felt weaker, 
and they acted more mentally depressed. Substernal pain suggesting angina 
pectoris developed in one patient during cobalt therapy. This is in striking 
contrast to the general clinical improvement which accompanies hematologic 
improvement in other types of anemia, such as in pernicious anemia when 
treated with vitamin B,, or liver or in iron deficiency anemia when treated with 
iron salts. It should be emphasized that cobalt therapy did not alter or arrest 
the primary disease. Although under cobalt therapy some of the patients main- 
tained high hemoglobin and red cell levels, the underlying disease continued 
to progress and eventually all died of cancer. 


SUMMARY 


Morphologie studies of the peripheral blood and bone marrow were made 
in 193 patients with advanced cancer. One hundred and sixteen (60.1 per cent) 
were considered to be anemic because the hemoglobin level was 80 per cent or 
below. Of these 116 anemic patients, the hemoglobin was between 70 and 80 
per cent in fifty-two, between 55 and 69 per cent in forty-two, and between 38 
and 54 per cent in twenty-two. 

When the anemias were classified according to pathogenesis, 28.5 per cent 
were due to blood loss alone, 2.6 per cent to hemolysis, 56 per cent were of the 
myelopathic type, and 12.9 per cent of the myelopathie type complicated by 
blood loss. 

Of the 193 patients, fifty (25.9 per cent) had evidence of osseous metas- 
tases. Of those with such metastases, twenty-four (48 per cent) were anemic; 
twenty-six (52 per cent) were not anemic. 


In sixteen anemic patients (eight with and eight without metastases to 
bone) cobaltous chloride, 60 to 240 mg. daily, was employed to ascertain whether 
the bone marrows of these patients were capable of responding to such a hemato- 
poietic stimulus. In all six patients with osseous metastases who received an 
adequate trial on the drug, the administration of cobalt was followed by reticulo- 
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cyte responses. Two of these patients died before a rise in hemoglobin might 
have been expected. One patient failed to show any rise in hemoglobin, al- 
though the cobalt was continued for twenty-four days. In the other three pa- 
tients of this group, the reticulocytosis was followed by elevations to normal 
of the red cell counts, hemoglobin, and hematocrit levels. Of the four patients 
without metastases to bone who could tolerate cobalt for an adequate period, 
three showed definite reticulocyte responses followed by increase in red cells, 
hemoglobins, and hematocrits. The other patient showed no reticulocyte or 
other hematologic response to iron, liver, or cobalt therapy. 

These results indicate that the presence of metastases to bone usually has 
no relation to the development of anemia in cancer patients, and that cobalt 
therapy in cancer patients with anemia may increase erythropoiesis regardless 
of metastases to bone. Cobalt therapy fails to produce subjective improvement 
and often causes symptoms referable to the gastrointestinal tract and in some 
instances suggestive of angina pectoris. 

From these results it is concluded that anemia associated with cancer is not 
usually due to bone marrow replacement by neoplastic tissue. 


We are indebted to Dr. William B. Castle and Dr. Allyn B. Ley for many stimulating 


suggestions and advice in preparing this report. 
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BLOOD ERGOTHIONEINE LEVELS IN DISEASE 


RoBert STEWART FRASER, M.Sc., M.D.* 
EDMONTON, ALBERTA, CANADA 


WITH THE TECHNICAL ASSISTANCE OF SUZANNE JEGARD, B.Sc. 


N AN earlier report’ the mean blood ergothioneine level in patients with dia- 

betes mellitus was shown to be significantly higher than the mean value for 
a comparable group of normal subjects. A number of other diseases have now 
been investigated in an effort to discover a common factor which may be as- 
sociated with changes in blood ergothioneine levels. It is hoped that this sur- 
vey may indicate some conditions in which a more exhaustive study should be 
made, and stimulate investigation into the physiology of this interesting erythro- 
evte constituent. 

METHODS AND MATERIALS 


Ergothioneine values were determined by the diazo method described by Hunter? 
and the results are expressed in milligrams per 100 ml. corpuscles. A correction was made, 
as described in our previous paper,! for the colorimetric value contributed by plasma. 

Further investigation into the factors connected with the development of a bronze 
rather than the expected violet-pink color of the final solution in this test did not enable 
us to identify the interfering substance. This substance appeared to originate from the 
plasma, When four precautions were observed, the frequency of appearance of the bronze 
color was much reduced. (1) Blood was used as soon as possible after venepuncture. 
(2) The sample was refrigerated during storage. (3) Hemolysis was avoided. (4) The 
oxalate concentration was not greater than 2 mg. per milliliter of blood. 

In most samples in which an interfering color was found, it was possible to obtain 
a satisfactory determination by the following procedure. 


(a) The plasma was pipetted off. 
(b) One per cent saline was added to the corpuscles and the resulting suspension was 


mixed and centrifuged. 

This was repeated four times. 

(c) The cells, suspended in one per cent saline solution in approximately a 50 per 
cent concentration, were then carried through the test in the usual manner. It was found 
that precipitation was not satisfactory unless 0.0020N acetic acid was substituted for 
the usual 0.0030N acid. Final values per 100 ml. corpuscles were calculated by deter- 
mining the hematocrit readings of each saline suspension of cells. No loss of ergothioneine 
occurred during this procedure. 

Sources of Blood.—The data from the same group of ninety-four normal subjects which 
were reported earlier! were once again used for comparison and are given in Tables I 
and IIT, 

Blood from patients with tuberculosis was obtained from Indian and Eskimo pa- 
tients at the Charles Camsell Indian Hospital, and from white patients at the Provincial 
Tuberculosis Wards in two city hospitals. 

All other estimations were made on samples which had been taken for other blood 
chemistry work at two city hospitals. 


From the Department of Biochemistry, University of Alberta. 
Received for publication, Sept. 2, 1950. 
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RESULTS 

Part I. Tuberculosis——Blood ergothioneine levels were determined on 
sixty-five Indian and four Eskimo patients suffering from tuberculosis. The 
mean ergothioneine value for sixty-nine patients was 18.0 mg. per cent, a level 
well above the normal mean of 9.6 mg. per cent. (Table I.) This series was 
then divided into smaller groups according to the type of tuberculosis and the 
clinical degree of infection. 

It was interesting to note the gradual decrease in mean ergothioneine 
values which corresponds to the increase in severity of tuberculosis. Two pa- 
tients who subsequently died had levels of 7.6 and 19.0 mg. per cent, and three 
others with far-advanced disease showed relatively low levels of 6.7, 6.9, and 
11.5 mg. per cent. Table I shows that the mean ergothioneine value for far- 
advanced tuberculosis was approximately 5 mg. per cent lower than that for 
controlled or minimal disease. 

Single eases each of renal tuberculosis and tuberculoma exhibited extraor- 
dinarily high values. 

Three Indian patients, who were admitted as suspected cases of tuberculosis, 
were subsequently found to be free of the disease. One other Indian child was 
being treated for a congenital dislocation of the hip. These four patients (none 
is included in Table I) showed the surprisingly high values of 14.5, 23.6, 22.1, 
and 42.6 mg. per cent respectively. The first three patients suffered from lung 
infections other than tuberculosis, but the 3-year-old boy with the congenital 
hip dislocation apparently otherwise was well. 


TABLE I. BLoop ERGOTHIONEINE LEVELS OF 65 INDIAN ANP 4 ESKIMO PATIENTS 
WITH TUBERCULOSIS 


~ MEAN 











| ERGOTHIONEINE 
NUMBER OF | MEAN AGE | (MG. PER 100 ML. 
| PATIENTS (YR. ) | CORPUSCLES ) 
Normal subjects ~~ _— | ooo | 
All patients with tuberculosis | 69 18.0 18.0* 
Controlled or minimal pulmonary 2400 15.6 | 19.1 
tuberculosis 
Moderately advanced pulmonary 18 | 20.0 16.8 
tuberculosis | 
Far-advanced pulmonary tuberculosis | 15 23.8 14.2 
Tuberculosis of bone 10 | 12.8 14.8 
Tuberculoma | 1 8 48.2 
Renal tuberculosis | 1 15 52.3 
t value at 1 per cent level = 2.609. 
*Range 4.3 to 53.0 mg. per cent. Standard error of the mean, 1.5. t value found = 3.674. 


It was possible that peculiarities of Indian diet under home conditions 
might have influenced the ergothioneine level. On inquiry it was found that 
many of the patients showing abnormally high ergothioneine values had been 
hospitalized, and on routine hospital diets, for as long as three years.. In con- 
firmation of the belief that the Indian diet was not an important factor, it was 
also found that many of the recently admitted patients showed values within 
normal limits. 











BLOOD ERGOTHIONEINE LEVELS IN DISEASE 201 


Forty-seven white patients with tuberculosis showed a mean ergothioneine 
level of 10.9 mg. per cent. (Table II.) This was not significantly higher than 
the normal value of 9.6 mg. per cent. When white tuberculous patients were 
separated into those with pulmonary and those with extrapulmonary infection, 
a mean ergothioneine level significantly higher than normal was found in the 
latter group, which consisted mainly of patients with tuberculous disease of 
bone. 

Because of inadequate data, no attempt was made to classify the cases ac- 
cording to severity of tuberculous disease in the white population. 


TABLE IT. BrLoop ERGOTHIONEINE LEVELS IN TUBERCULOUS WHITE PATIENTS 


| 
| | MEAN | STANDARD 
| NUMBER | MEAN | ERGOTHIO- | ERROR 
| OF AGE | NEINE OF t 
CASES (YR.) | (MG. %) MEAN VALUE 
Pulmonary tuberculosis 38 34.7 | 9.9 0.71 ie 
Nonpulmonary tuberculosis | 9 —_ | 15.2 1.96 | 4.697% 
Combined | 47 44.9 10.9 0.74 | ~~ #21.878 
*t value at 1 per cent level = 2.626. 


Part II. Other Diseases—Small numbers of patients with a variety of 
diseases were investigated. To facilitate analysis, many of these were grouped 
under broader classifications, confined as much as possible to related conditions. 
The results are presented in ascending order of mean ergothioneine values in 
Table III. The author reviewed the clinical history and laboratory findings and 
concurred with the diagnoses in all cases. 

The mean ergothioneine values for the following diseases showed no sig- 
nificant variation from the normal, and are not included in Table III: hernias 
and hydroceles (thirteen cases) ; pregnancy, normal and toxie (eight) ; earci- 
nomas of the prostate, breast, bowel, stomach, bone, bladder, brain, uterus, 
cervix, pancreas (twenty-eight) ; arthritis, rheumatoid and osteoarthritis (forty- 
one); goiters, nontoxic and toxie (eleven); abortions (thirteen) ; leucemias, 
acute and chronie myelogenous (four), and chronic lymphatic (one) ; multiple 
myeloma (one); lupus erythematosus (one). 

The object of this investigation was to accumulate mean ergothioneine 
values from as representative a group of diseases as possible. It was hoped that 
in this way potential avenues for further investigation might become apparent, 
but it is also obvious that no conclusions can be reached from the results of 
such a small series. With these reservations, the following observations are 
made on some of the more significant data presented in Table IIT. 

Only one disease group, hypothyroidism, showed a significant decrease in 
the ergothioneine mean. 

In eases of both appendicitis and nose and throat infection there was a 
significant increase in mean ergothioneine level in the acute cases, but there 
were close to normal values in the chronic. 
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TABLE III. 
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DISEASES WITH THE MEAN VALUE OF NORMAL SUBJECTS 


| 
DISEASE 





Normal subjects 





Appendicitis 
1. Acute 

2. Chronie 
Combined 


Peptic ulcers 

1. Perforated 

2. Hemorrhaging 
3. Uncomplicated 
Combined 





Lung infections 
1. Lobar pneumonia | 
2. Bronchopneumonia 

3. ‘*Pneumonitis’’ virus pneumonia 
4. Bronchiectasis and lung abscesses 
Combined 

5. Chronie bronchitis 

6. Asthma 

Combined 

All lung diseases combined 





Diabetes with associated diseases 
(hypertension, etc.) 





Anemias 
1. Hypochromic and hypoplastic 
2. Pernicious 


Combined 

Nose and throat infections 
Acute 

2. Chronic or recurrent 

Combined 


Gynecological diseases 

1. Endometrial hyperplasia 

2. Pelvic inflammatory disease 
3. Cystoceles and fibroids 
Combined 


Gall bladder disease 

1. Cholecystitis and cholelithiasis 
2. Cholecystitis 

Combined 





Infections other than respiratory 

1. Cellulitis 

2. Infectious arthritis and 
osteomyelitis 

3. Abscesses 

Combined 


| 


Muscle and joint injury 
1. Muscle injuries 
2. Protruded intervertebral dises 
Combined 





Coronary and hypertensive 
vascular disease 

1. Hypertension 

2. Cerebral vascular accident 

3. Coronary thrombosis 

Combined 


NUMBER 


OF 


4 0 


99 


10 


13 


6 
1] 


32 


MEAN 


AGE 


(YR. ) 


29.5 





33.5 
47.0 
53.1 


38.6 
52.6 
5 Se 


a= 
=> 
~~.) — 


68.6 
71. 

60.! 
66.; 


48.8 


(Continued on opposite page.) 


MEAN 
ERGOTHIO- 


NEINE 


a a 


bo 


Ww 


2.9 
.6 
0 


| STANDA 


A COMPARISON OF THE MEAN BLOOD ERGOTHIONEINE VALUES FOUND 





IN VARIOUS 


RD 


ERROR 
|; OF THE 


MEAN 


0.32) 
1.87 


1.12 


| 1.90 
| 0.69 


1.68 


1.95 


2.09 








1.39 


t VALUE 
CALCU- 
| LATED 


| 3.0166 


| 0.562 


1.876t 


0A 4 


| 2.946* 





2.655t 


1.044} 





| 
| 2.0454 
| 


1.640t 


2.214 


2.240} 
1.788} 








3.271¢ 
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TABLE IITI—ConT’pD 


MEAN | STANDARD | 

















| 
| NUMBER | MEAN ERGOTHIO- | ERROR | t VALUE 
OF AGE | NEINE | OF THE | CALCU- 
| 
DISEASE | PATIENTS | (YR. ) | (MG. %) MEAN | LATED 
Urinary tract disease | 
1. Nephritis 4 36.2 16.3 es = 
2. Nephrosis 3 5.5 | 21.0 = | i 
Combined 7 _— 18.3 2.78 | 6.017} 
3. Prostatic obstruction “a 70.7 | 10.2 | ae 33 
4, Miscellaneous 7 | 0.6 «=| «103 | a =3 
Urinary tract disease combined 21 49.2 | 12.9 1.30 2.189 t 
Dermatitis eo ee a ee 2.92 | 2.764} 
Fractures SS | a hae | a aio - | 
1. Old 5 | 41.0 15.2 eid rae 
2. Recent | 9 | 39.0 | 13.2 ae ea 
Combined 14 39.1 | 13.9 1.86 3.946t 
t value at 1 per cent level: 5 per ‘cent level 
*2.60$ 1.976 
42.616 1.979 
2.626 1.984 
§2.632 1.987 


There was a marked contrast between the values found for hypochromic 
and pernicious anemias. Both of the latter patients were suffering from exacer- 
bations of their disease and had erythrocyte counts of between 1 and 2 million. 

There were thirteen cases of cholecystitis. In ten of these there were as- 
sociated caleuli, and the mean ergothioneine level was almost 3 mg. per cent 
higher than the value for the three cases without stones. In only one of the 
cases of cholecystitis with caleuli was there any increase in serum bilirubin. 
This was in a 78-year-old woman who also had an enlarged spleen and showed 
evidence of functional liver damage. Her ergothioneine level was 7.1 mg. per 
cent. 

In the eighth group there were two eases of osteomyelitis, one case of 
gonococeal arthritis of the knee and one case of infective arthritis of the ankle. 
These are worthy of mention because the first three showed high ergothioneine 
values, 16.0, 19.2, and 30.7 mg. per cent respectively, whereas the last case, a 
314-year-old girl, was found to have a lower than normal value of 5.6 mg. per 
cent. 

Increased values were found in four eases of nephritis and three of neph- 
rosis. Two of the cases of nephrosis were in children, ages 4 and 6 years, whose 
cholesterol values ranged between 800 and 1,000 mg. per cent. The ergothio- 
neine levels were 12.4 and 19.4 mg. per cent. The third patient with nephrosis 
was a woman who died in uremia secondary to a toxic nephrosis caused by an 
attempted abortion. In this case the ergothioneine level reached the high value 
of 31.3 mg. per cent. 

In none of the cases of prostatic obstruction was there a serious degree of 
nitrogen retention. The mean value of 10.2 mg. per cent was close to the normal 
mean of 9.6 mg. per cent. 

In one of the six eases classified as dermatitis the patient had an urticarial 
type of rash and showed an ergothioneine value of 16.4 mg. per cent. The 





204 FRASER 


highest ergothioneine value in this group was found in an 81-year-old woman 
suffering from hypostatic dermatitis—26.3 mg. per cent. 

The difficulties in assessing our findings in the presence of more than one 
disease are illustrated by the following example. Out of the nine cases of pro- 
truded intervertebral discs (the tenth group) there were six in which the ergo- 
thioneine values ranged between 8.8 and 10.7 mg. per cent. The remaining 
three values were 2.4, 19.4, and 30.5 mg. per cent. These last two values were 
found in two patients, one of whom was suffering from hypertension (215/135) 
and the other from a chronic pelvic inflammatory disease. It already has been 
shown that both of these conditions in themselves are associated with increased 
ergothioneine levels. 

Certain other diseases, because they were too few to classify, made up a 
miscellaneous group. The more interesting are listed in Table IV, either be- 
cause they represented rather uncommon conditions or because they showed 
abnormal ergothioneine values. 


TABLE IV. BLOOD ERGOTHIONEINE VALUES IN VARIOUS DISEASES 


~ | ERGOTHIO-_ 














| AGE | NEINE 
DISEASE | (YR.) | ASSOCIATED CONDITIONS (Ma. %) 
Syphilis, congenital | 25 | 9.9 
Syphilis, acquired | 62 | Hemorrhoids, hypertension ded 
Syphilis, acquired 43 | Ruptured aortic aneurysm, died same day i117 
Portal cirrhosis 63 | Chronie bronchitis, laparotomy 6 days 6.6 
previously 
Homologous serum jaundice 38 | Jaundice 1 wk. Died 6 days later. ta 
Massive hepatic necrosis. Broncho- 
| pneumonia. Repaired (perforated) 
duodenal ulcer 3 mo. previously 
Acute pancreatitis 60 | Tested after recovery. 1 mo. after 12.3 
admission 
Adenoma of pancreas with | 33 | Tested 7 days postoperatively 10.0 
hyperinsulinism | 
Gout i | 10.3 
Small bowel obstruction due | 49 | Serum albumin, 1.03 Gm.; globulin, 4.01 14.2 
to postappendectomy evis- | | 
ceration (4 weeks ago) 
Bowel obstruction, due to | 78 | Osteoarthritis. Senile cataracts 15.3 
fecal impaction 
Capillary hemangioma, lip 60 | Chronic bronchitis 19.4 
Thermal burn, arm — 20.4 
Laceration, thigh 17 3.7 
Adrenal insufficiency 69 Acute respiratory infection 3.3 





In a number of patients blood ergothioneine values were determined over 
the course of weeks. In none of these was there any significant change in value. 
In one patient suffering from disseminated lupus erythematosus in whom the 
pretreatment value was normal, there was a slight fall in ergothioneine level 
following the initiation of cortisone therapy. During the course of the disease 
the patient developed a pulmonary embolus with infaretion. Coincident with 
this accident the blood ergothioneine value increased from 8.8 mg. per cent to 
12.1 mg. per cent. Three weeks later it still ranged between 14.5 and 16.5 mg. 
per cent. Shortly after this the patient was discharged in a much-improved 
condition. 








3 
i 
3 
1 
q 
; 
i 





[oa 
q 





BLOOD ERGOTHIONEINE LEVELS IN DISEASE 205 


In another patient who was a barbiturate addict, blood ergothioneine values 
were determined hourly from 8 a.m. until 4 p.m. These values ranged from 
10.3 to 11.0 mg. per cent, with the exception of the value at 10 a.m. (12.6 mg. 
per eent) for which no explanation is advaneed. 

Several other isolated but interesting findings were made in the course of 
the survey. 

Work by another member of this Department® on ergothioneine levels in 
rats suggested that an increase in ergothioneine value occurred after rats were 
bled. For this reason estimations were made on students who donated blood 
to the Red Cross Blood Donor Clinic. These estimations were carried out. be- 
fore the donations and at one and two weeks after the donation. The results 
are tabulated in Table V. 

At the end of one week ergothioneine values showed both increases and de- 
creases from the initial levels. By the end of the second week the ergothioneine 
levels of all subjeets were higher than their respective initial values, even though 
in some eases the difference was small. 

In a single case simultaneous ergothioneine estimations were made on 
peripheral blood and bone marrow. An ergothioneine value of 10.4 mg. per 
cent was found in the peripheral blood, and a higher level of 14.9 mg. per cent 
in the bone marrow. 


TABLE V. BLOOD ERGOTHIONEINE LEVELS OF SEVEN NORMAL SUBJECTS BEFORE AND AFTER 
BLoop DONATIONS* 


ERGOTHIONEINE (MG. %) 





BEFORE Ll WEEK AFTER 2 WEEKS AFTER 
STUDENTS DONATIONS DONATION DONATION 
A | |: re 3.9 7.9 is 
B | 4.1 7.9 5.7 
C 8.0 6.4 9.3 
D | 7.3 6.3 7.7 
E | 5.9 6.3 6.7 
F 8.5 6.5 10.3 
G | 6.2 7.6 8.4 





*Approximately 350 milliliters. 
CONCLUSION 

There are many aspects of this problem which should be explored. Com- 
paratively few biochemical or physiologic studies have been made, and our work 
shows that these should be carried out. In all normal subjects who were in- 
vestigated there was a range of only 14 mg. per cent, with a standard deviation 
of 3.1 mg. per cent. The abnormal findings in various diseases emphasize the 
yet unanswered question of the function of ergothioneine. It seems unlikely 
that there would be no role assigned to a constituent of such a vital structure 
as the red blood cell, especially since ergothioneine has been shown to possess 
a definite oxidation-reduction potential.‘ 


SUMMARY 


The problem of the development of an interfering color in the Hunter 
diazo test for blood ergothioneine was investigated and methods were suggested 
lor avoiding and removing this effect. 
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The mean blood ergothioneine level of sixty-nine Indian and Eskimo tuber- 
culous patients was found to be significantly higher than the mean ergothio- 
neine value of normal white subjects. No ergothioneine estimations were made 
on a normal Indian and Eskimo population. Tour of these patients with dis- 
eases other than tuberculosis showed high blood ergothioneine levels. 

Thirty-eight white patients with pulmonary tuberculosis showed no sig- 
nificant variation in mean blood ergothioneine value. Nine white patients with 
extrapulmonary tuberculous lesions showed a significant increase in mean ergo- 
thioneine level. 

Blood ergothioneine values were determined in 414 other patients. Signifi- 
cant variations in the mean erogthioneine values were found in hypothyroidism, 
acute appendicitis, anemia, coronary and hypertensive vascular disease, nephri- 
tis and nephrosis, dermatitis, fractures, lung infections, diabetes with associated 
disease (hypertension, ete.) acute infections of the nose and throat, gynecologic 
conditions, cholecystitis with cholelithiasis, infections other than respiratory, 
and muscle and joint injuries. 

The author wishes to acknowledge the kind cooperation of the Superintendents and 
the Laboratory Staffs of the following hospitals in making available the blood samples 
for this investigation: Royal Alexandra Hospital, Charles Camsell Indian Hospital, Uni- 
versity of Alberta Hospital, and Edmonton General Hospital. 
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THE EFFECT OF VARIOUS PROTEIN HYDROLYSATES AND AMINO 
ACIDS ON THE UREMIC RAT 
JouNn IL. LiInpBera, M.D., aNd Smiro Freeman, M.D., Pu.D. 
CHICAGO, ILL. 


HE majority of investigators agree that the administration of protein-rich 

foods definitely shortens the survival time of rats with experimentally induced 
uremia. It is not likely that this toxie effect is due to urea alone, as there is 
little evidence that urea per se, in levels observed in complete anuria and uremia, 
is very toxic to the body.**® Available information does not indicate clearly 
whether the amino acids or other constituents of protein are the cause of toxicity 
to the renal-insufficient organism. 


In 1926 Anderson® reported that partially nephrectomized rabbits maintained on a 
high or low protein diet showed changes in the blood urea and creatinine that could be cor- 
related with the diet. Lundin and Mark reported1° that dogs deprived of 75 per cent of their 
renal tissue developed a high blood nonprotein nitrogen when kept on a high protein diet 
which rapidly returned to normal when they were maintained on a low protein diet. Chanutin, 
Ferris, and Wood11 found that removal of 80 to 85 per cent of the renal tissue of white 
rats resulted in cardiac hypertrophy and hypertension when the animals were maintained on 
a high protein diet but not when urea or creatine were added to the diet to provide com- 
parable amounts of nitrogen. 

Blatherwick and co-workers!2 found that unilaterally nephrectomized rats developed 
nephritis more frequently on a high protein diet than did similar animals on the control 
ration. Kirki3 demonstrated a greater and more prolonged increase in the plasma amino 
nitrogen curve of uremic patients fed 25 Gm. of glycine than in that of normal persons. 
However, in nephritic patients in whom the nephrotic syndrome was the outstanding feature 
of the disease, no abnormality in the plasma amino nitrogen curve was found after the feeding 
of glycine. Ludewig, Williams, and Chanutin14 found a direct relation between protein 
intake and blood urea elevation in rats with varying degrees of reduction in renal function. 
Farr and Smadel15 found that rats with nephritis produced by injecting anti-rat-kidney serum 
tended to recover when maintained on a high carbohydrate-low protein diet, while a medium 
protein diet frequently was associated with chronic nephritis and death from renal insuffi- 
ciency. Such rats fed a high protein-low carbohydrate diet invariably developed a chronic 
progressive nephritis and the mapority of these animals died of renal failure. 

In 1939 Addis and Lew16 reported that acute renal insufficiency produced by ligation 
of the vena cava above the kidneys was more frequently fatal for animals previously main- 
tained on a high meat diet than when the diet had been low or moderate in protein content. 
Later it was shown17 that rats with one fourth the normal amount of renal tissue underwent 
glomerular and tubular damage when maintaired on a diet moderate-to-rich in protein. If 
a high protein diet was given immediately after subtotal nephrectomy the group died, while 
those given a diet low in protein survived. More rigidly controlled studies of a similar 
nature were reported by Addis and associates!8 who fed isocaloric diets of varying protein 
content to rats following subtotal nephrectomy. The mortality rate increased with the 
protein consumption from nil for rats eating essentially no protein to 43 per cent within 
a week following operation for those consuming 2.3 Gm. of protein daily. Swift19 studied 
the effect of protein intake upon the course of nephritis produced in three strains of rats 
by injection of nephrotoxic serum. A high protein diet was found to be conducive to chronic 
nephritis in all three strains though variations in susceptibility were noted. 
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Lippman and Persike2 reported a reduction in azotemia and creatininemia in twenty-one 
uremic patients maintained on a low protein diet (0.5 Gm. per kilogram per day plus an 
amount equal to the protein lost in urine). Borst?! feels that prevention of infection and 
maintenance of patients on a low protein-high earbohydrate diet are measures which tend 
to postpone the development of uremia in patients with advanced renal impairment. 

In 1939, Bergman and Drury22 wrote that the low yariability of the survival time of 
the standard nephrectomized rat makes it an excellent test object for the study of the toxic 
mechanisms in renal insufficiency and for the study of the efficacy of different therapeutic 
measures in this condition. They stated that meat is definitely toxic to the nephrectomized 
rat, whether fed before or after the kidneys are removed. Mylon and Goldstein,?3 in 1948, 
reported the production of uremia in two groups of dogs by renal artery ligation as well as 
by bilateral nephrectomy. One group was maintained prior to surgery on a carbohydrate 
diet, the other on a protein diet. Following either operative procedure the nitrogen retention 
was more rapid, the toxic symptoms were more severe, and the survival time was shorter in 
protein prefed animals as compared with the carbohydrate group. In another report Mylon, 
Smith, and Goldstein2+ showed that marked signs of toxicity followed ingestion of the high 
protein diet in nephrectomized dogs and in those with reduced renal function. Intrajejunal 
administration of Amigen or glycine in amounts corresponding to a high protein diet resulted 
in a significant reduction in the survival time of nephrectomized dogs. Masson, Corcoran, 
and Page25,.26 in 1948 reported that the administration of protein diets to rats following 


bilateral nephrectomy lowered their survival time. 


The foregoing résumé of the literature indicates that the clinical and lab- 
oratory findings characteristic of uremia are intensified by protein administra- 
tion. However, there is inadequate experimental evidence as to whether or not 
parenteral protein hydrolysates or amino acids definitely influence the survival 
time of anuric¢ animals. This question is of practical importance in the manage- 
ment of patients with acute or chronic renal insufficiency. The following ex- 
periments were undertaken to provide further information on this question. 
The purpose of this study was to measure the effect of several protein hydrol- 
ysate solutions, as well as specific amino acids, on the survival time and blood 
chemistry of the anurie rat. 


METHODS 


The rat was chosen as the experimental animal because of its availability and uniformity 
of response. There were two major groups of rats. Group A rats consisted of Sprague- 
Dawley 250 to 300 gram. female rats. Group B rats consisted of Sprague-Dawley 350 to 
400 gram discarded female breeder rats. With the exception of one group, all of the rats 
were rendered anuric by bilateral ureteral ligation. The rats were maintained preoperatively 
for a week or longer on the standard diet of Purina Chow biscuits, horse meat, bread, and 
water. Surgery was done under ether anesthesia without using any aseptic technique. The 
ureters were mobilized, doubly ligated, and severed through a one-inch midline incision in 
the anterior wall of the abdomen. After surgery the rats received no food. They were 
allowed water ad libitum. Survival times were measured in hours from the time of surgery 
to the time of death. This was accurate on most rats to within two hours. 

All the substances to be tested were administered by intraperitoneal injection without 
aseptic technique. This means was considered to be accurate and effective after testing two 
groups of five normal rats each by giving them daily intraperitoneal injections of 10 per cent 
dextrose and of 10 per cent amino acid solution (Merck) respectively for a period of three 
weeks in volumes gradually increasing to 20 ¢.c. per injection per day. None of the rats 
suffered any apparent ill effects. Post-mortem examination revealed relatively little reaction 
of the peritoneum and omentum with only a moderate amount of adhesion formation. 
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Blood specimens were obtained for analysis by drawing cardiac blood from the rat 
when lightly anesthetized under ether. An oiled syringe and a 20-gauge needle were used. 
By this method 10 to 17 ¢.c. of blood usually could be obtained. Blood specimens from 
every two rats were pooled in order to given adequate amounts of serum for all the deter- 
minations. Most of the blood samples were analyzed for serum calcium, serum inorganic 
phosphorus, sodium, potassium, amino and nonprotein nitrogen. 

Serum calcium was determined according to the method of Kramer and Tisdall?? as 
modified by Clark and Collip28 by using the wash solution of Wang,29 and further modified 
according to the practice of the laboratory of using round-bottomed centrifuge tubes and 
four hours of precipitation. 

Serum inorganic phosphorus was analyzed by the method of Kuttner and Lichtenstein®? 
with the modification of Gomori.31 

Serum sodium and potassium determinations were done on the Beckman flame photometer. 

Amino nitrogen was determined on the Folin-Wu filtrate by the method of Frame, 
Russell, and Wilhelmis2 as modified by Russell.33 

Nonprotein nitrogen was analyzed on the Folin-Wu filtrate according to the method of 
Koch and McMeekin.34 

Materials Used and Dose.—Four different protein hydrolysates and thirteen individual 
amino acids were studied. The protein hydrolysates are as follows: (1) 10 per cent amino 
acid solution (Merck)* which consists of a mixture of free amino acids, glutamic acid and 


Ig 


aspartic acid having been removed; (2) 10 per cent casein-enzyme hydrolysate (Mead Johnson 
10 per cent Amigen)t which is an enzymatic (pancreatic) hydrolysate of casein; (3) 10 per 


TABLE I. COMPOSITION OF PROTEIN HYDROLYSATE SOLUTIONS 


| 10% CASEIN 








10% 
| 10% AMINO | ENZYME | 10% CASEIN | PLASMA 
| ACID SOL.* | HYDROL.t | ACID HYDROL. | HYDROL.§$ 

pH 5.93 5.63 4.13 5.68 
Na content (meq./L.) 14.5 97.0 4.7 220. 
K content (meq./L.) 0.26 1.26 0.51 12.5 
Nitrogen (Gm./L.) 14.4 12.0 14.0 12.0 
Essential amino acids (mg./e.c.) 

Arginine 1.90 3.6 3.9 4.0 

Histidine 4.30 1.9 1.6 2.2 

Isoleucine 7.80 6.0 6.1 3.2 

Leucine 16.70 9.0 11.6 8.0 

Lysine 10.30 54 8.2 7.4 

Phenylalanine 3.70 4.9 3.6 3.6 

Methionine 4.10 2.6 3.6 1.2 

Threonine 1.80 2.9 2.9 5.6 

Tryptophane 1.01 1.2 1.0 1.0 

Valine 6.70 5.4 T.2 6.2 
Other amino acids (mg./c.c.) 

Glycine 23.0 0.4 

Glutamic acid gl 11.6 

Proline 6.2 

Serine 4.9 

Aspartic acid 4.7 8.6 

Alanine 4.2 

Hydroxyproline 1.5 

Cystine 0.3 2.2 

Tyrosine 1.0 


*Merck’s 10 per cent amino acid solution. 

‘Mead Johnson’s 10 per cent Amigen. 
{Winthrop-Stearn’s 15 per cent Parenamine (diluted to 10 per cent). 
§Baxter’s 10 per cent protein hydrolysate. 


*Supplied by Merck & Company, Inc. 
*Supplied by Mead Johnson & Company. 
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cent casein-acid hydrolysate (Winthrop-Stearns 15 per cent Parenamine diluted to 10 per 
cent) which is an acid hydrolysate of casein from which the excess salts (sulfates, phosphates, 
etc.) have been removed and which is fortified with tryptophane35; and (4) 10 per cent 


* 


plasma hydrolysate [Baxter’s 10 per cent protein hydrolysate (C9-99)]* which is an enzymatic 
digest of bovine plasma. The composition of these hydrolysates according to the manufac- 
turers is shown in Table I. 

The specific amino acidst used were L(—) leucine, glycine, L(+) arginine, L(+) lysine, 
L(+) glutamic acid, L(+) histidine, L-phenylalanine, pi-phenylalanine, pi-valine, DL-isoleucine, 
bL-threonine, DL-alanine, DL-methionine, and DL-tryptophane. Of these the first seven were 
the naturally occurring forms and the last seven were the racemic forms.36 

Dextrose was used in 10 per cent solution and given to anurie rats as control for 
the volume of fluid injected and to simulate the osmotic characteristics of the tested solution. 
Five and 10 per cent urea in 5 per cent dextrose solutions were used as a further control 
measure and injected in dosages so as to give an amount of nitrogen equal to that present 
in the protein hydrolysate solutions. 

The usual dose of protein hydrolysate solutions was 30 ¢.c. of a 10 per cent solution 
per kilogram body weight per day (or 3 Gm. per kilogram per day). Some rats were also 
given twice this dosage (6 Gm. per kilogram per day). The amino acids were given in equal 
molar dosages. This was arbitrarily set at 13.8 ¢.c. of 1.33 molar solution per kilogram per 
day. Because of their low solubility, it was impossible to give this dose of five of the amino 
acids without making the volume of injection too great. These five were DL-isoleucine, L(—) 
leucine, DL-phenylalanine, L-phenylalanine, and p.L-tryptophane. Consequently, the above- 
mentioned amino acids were given in half the dose (6.9 ¢.c. of 1.33 molar solution per kilo- 
gram per day). Most of the injections were less than 20 e.c. per day. 


RESULTS 
A large number of control animals receiving no injections after bilateral 


ureteral ligation were run in each major group of rats (Groups A and B). 
Approximately five rats out of each shipment of fifty coming to the laboratory 


TABLE IT, SURVIVAL TIMES OF UREMIC RATS GIVEN DAILY INJECTONS OF PROTEIN HYDROLYSATES 


| DOSE EQUALS 3 GM./KG./DAY 





GROUP B RATS | GROUP A RATS 
l . i | NUM- | 
|NUMBER| MEAN | STD. | T-RATIO | BER | MEAN | STD. | T-RATIO 
| OF |SURVIVAL | DEV. FROM OF |SURVIVAL | DEV. | FROM 
| RATS | (HR.) | (HR.) | CONTROL | RATS (R.) | (HR.) | CONTROL 
Control rats ~ | @& | 6295 |1899; 61 75.70 | 13. 
10% Dextrose | 10 | 86.80 | 7.46] 0.35 | 18 | 69.55 | 9.69] 1.85 
10% Plasma hydrol. | 30 | 79.61 |16.61| 2.67 | 
10% Casein-enzyme | 3 | 78.04 | 13.03} 3.47 
hydrol. | 
10% Casein-acid hydrol.| 30 61.65 [11.77] 9.48 
10% Amino acid solu- | 10 | 58.60 | 15.38) 6.96 21 51.25 15.58 7.05 
tion 
: : l - DOSE EQUALS 6 GM./KG./DAY 
Control rats | 67 | 87.95 12.99 | | 61 | 75.70 =| 13.1 
10% Dextrose | | 20 | 65.34 [11.31] 3.17 
10% Urea in 5% 10 | 62.10 | 411] 6.21 | 10 | 56.26 | 9.58| 4.49 
dextrose | | 
10% Casein-acid hydrol. 15 | 22.96 | 8.35] 18.49 | | | 
10% Amino acid solu- 20 | 33.63 |11.48] 12.83 


tion 


*Supplied by Baxter Laboratories, Inc. 
TAll except 1-phenylalanine were supplied by Merck & Company, Inc. 
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were taken as controls. In Group A (250 to 300 gram rats) there were sixty- 
one controls and the average survival time was 75.70 hours with a standard 
deviation of 13.1 hours. In Group B (350 to 400 gram rats) there were sixty- 
seven controls and the average survival time was 87.95 hours with a standard 
deviation of 12.99 hours. These two groups varied significantly from each other 
(t-ratio = approximately 4.0). However, within each specific group there was 
no correlation between the weight of the animal and the survival time (in Group 
A, r = 0.047; in Group B, r = 0.062). The survival times of all rats given intra- 
peritoneal injections were compared with the control values for that group. 
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The first series of anurie rats was given daily intraperitoneal injections of 
3 Gm. per kilogram per day of the various protein hydrolysates. Dextrose was 
given in the same dosage to serve as a further control. The results are listed 
in Table II and Fig. 1. The survival time for the rats receiving 10 per cent 
dextrose was 5.9 per cent less than the controls; this difference is not significant. 
Rats receiving 10 per cent plasma hydrolysate or 10 per cent casein-enzyme 
hydrolysate had survival times of 9.5 per cent and 11.3 per cent respectively, 
less than that of the controls. This difference is quite significant and this is also 
significantly less than the group of rats receiving 10 per cent dextrose. How- 
ever, the plasma-enzyme hydrolysate group and the easein-enzyme hydrolysate 
group did not vary significantly from each other. The average survival times of 
rats receiving 10 per cent casein-acid hydrolysate or 10 per cent amino acid solu- 
tion was less than the controls by 29.9 per cent and 32.7 per cent respectively. 
These two values are significantly less than the controls as well as significantly 
less than the enzyme hydrolysate groups. 
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The difference in effect on survival time of uremic rats between casein-acid 
hydrolysate and amino acid solution on the one hand and the plasma-enzyme and 
casein-enzyme hydrolysate on the other was quite constant. Ten rats in each 
group were operated on several months after the first twenty rats in each group 
had been completed and the same relative effect was observed. 

In the second series, the anurie rats were given daily intraperitoneal injee- 
tions of two protein hydrolysates and dextrose in twice the dosage used in the 
first series (i.e. 6 Gm. per kilogram per day). Also, 10 per cent urea in 5 per cent 
dextrose was given to a group of rats so that they received an amount of nitrogen 
equal to that given to the rats injected with protein hydrolysates. The results 
of these data are recorded in Table II and in Fig. 2. The survival time of rats 
receiving 6 Gm. per kilogram of dextrose daily was slightly but not significantly 


Survival Times of Uremic Rats Given Protein /lydrolysates 
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Fig. 2. 


less than the previous series receiving 3 Gm. per kilogram, but was significantly 
less than the controls. Rats receiving 10 per cent amino acid solution or 10 per 
cent casein-acid hydrolysate survived 66 per cent and 37 per cent as long, re- 
spectively, on a dose of 6 Gm. per kilogram per day as they did on 3 Gm. per 
kilogram per day. On the other hand, the rats receiving 10 per cent urea in 
5 per cent dextrose survived about twice as long as those receiving amino acid 
solution or casein-acid hydrolysate, and only 26 per cent less time than the 
controls. 

The data indicate that a greater effect on the survival time of the uremic 
rats was caused by the amino acid solution and casein-acid hydrolysate than by 
plasma-enzyme hydrolysate or the casein-enzyme hydrolysate. Also the survival 
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time decreases as the dose of administration of protein hydrolysate increases. 
That this is not due to increased urea formation is demonstrated by the longer 
survival time of rats that received injections of urea.* 

A third series of rats was run in which blood specimens were drawn for 
chemical analysis approximately forty-eight hours after bilateral ureteral liga- 
tion. These rats were given protein hydrolysates or dextrose and urea at a dose 
of 3 Gm. per kilogram. Two injections were given, one immediately after 
surgery and the second about twenty-four hours after surgery. Determinations 
on control rats (bilateral ureteral ligation but no injections) and normal fasting 
rats were also made. All the rats at the time of obtaining the specimens were 
fairly strong and active. However, the rats receiving the amino acid solution 
were weaker and less active than the remaining groups. The results are listed 
in Table III. Even though the series is too small for accurate statistical analysis, 
certain trends can be seen. The most striking observation is the slower elevation 
of inorganic phosphorus and nonpretein nitrogen (13.6 mg. per cent and 188 
mg. per cent respectively) of those that received 10 per cent dextrose injections 
as compared with the control rats that received no injections (18.2 mg. per cent 
and 258 mg. per cent respectively). The plasma hydrolysate and amino acid 
solution groups showed the highest values for inorganic phosphorus, the lowest 
values for serum calcium, relatively no change in sodium concentration, only a 
slight elevation in potassium econeentration, and the highest elevations for both 
amino nitrogen and nonprotein nitrogen. In spite of the fact that a significant 
difference in survival time occurs between anuric rats given plasma hydrolysate 
and those given amino acid solution, no differences of any significance are demon- 
strated by the chemical data. The rats that received glucose or urea plus glucose 
did not show as much hypoecaleemia and hyperphosphatemia as those given pro- 
tein hydrolysates. 

A fourth small series was done in which blood specimens were drawn ap- 
proximately twenty-four hours atter bilateral ureteral ligation. These rats 
were given injections of dextrose, urea and dextrose, or amino acid solution in 
dosages of 6 Gm. per kilogram. Two injections were given, the first one imme- 
diately after surgery and the second approximately twenty hours postoperatively. 
In this series, the rats that were given amino acid solution were very weak and 
ill in twenty-four hours; some were moribund. The remaining groups of rats 
were in considerably better condition symptomatically. Only serum potassium 
and nonprotein nitrogen determinations were made in this series. Less eleva- 
tion of nonprotein nitrogen was again noted in rats that received 10 per cent 
dextrose (159 mg. per cent) than in the controls (174 mg. per cent). The non- 
protein nitrogen levels in rats given urea and amino acid solution (375 mg. 
per cent and 340 mg. per cent respectively) were two or more times as great 
as that seen in the controls or the dextrose-treated rats. A significant elevation 
of serum potassium (7.6 meq. per liter) was observed in the rats given amino 
acid solution as compared with the remaining groups. However, this level is 
not as high as that listed by Hoff, Smith, and Winkler® as necessary to cause 
death in the normal or the uremic dog. 





*No rats were done in which glucose was added to the protein hydrolysate. 
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Specific Amino Acids.—A fifth and sixth series of rats were included in 
which intraperitoneal injections of specific amino acids were given after bilateral 
ureteral ligation. The ten essential amino acids as listed by Rose** were studied 
as well as three nonessential amino acids (glycine, pL-alanine, and L(+) glutamie 
acid). They were given in equimolar dosages. The dose in the first series was 
equivalent to 13.8 ¢.e. of 1.83 molar solution per kilogram per day. The con- 
centration of each specific amino acid varied in relation to its solubility in dis- 
tilled water. All the solutions were prepared just prior to injection. The 
results are listed in Table IV and Fig. 3. Twenty rats given 7 per cent pi-valine 
after bilateral ureteral ligation survived for an average of 87.19 hours whieh is 
essentially the same as the controls. Rats given a solution of 3 per cent DL- 
isoleucine plus 3 per cent L(—) leucine survived 90 per cent as long as the 
controls (Fig. 3), this difference not being significant. The survival time of 
eroups given § per cent pi-threonine, 11.9 per cent pL-alanine, and 10 per cent 
elveine was 83 per cent, 75 per cent, and 65 per cent respectively of that of the 
controls. All of these differences are statistically significant. The threonine and 
glycine groups did not vary significantly from the alanine group but did differ 
significantly from each other. A marked decrease in survival time was observed 
by groups of rats that received 14 per cent L(+) arginine, 13.4 per cent L(+) 
lysine, 8 per cent pi-methionine, 5 per cent L(+) glutamic acid, and 14 per cent 
(+) histidine. These groups, with the exception of histidine, survived 20 per 


TABLE IV. SURVIVAL TIMES OF UREMIC RATS GIVEN DAILY INJECTIONS OF SPECIFIC AMINO 
ACIDS 


DOSE EQUIVALENT TO 6.9 C€.C. 1.88 MOLAR SOL./KG./DAY 


GROUP B RATS 


|NUMBER| MEAN ] T-RATIO | 








| OF | SURVIV. | STD. FROM | 
| RATS | (HR.) DEV. | CONTROL | 
Control rats | OT 87.95 | 12.99 
DL-valine 7% | 20 87.19 | 8.30 0.12 | 
L(—) leucine 3% plus | 10 | 897 6.71 1.93 | 
DL-isoleucine 3% | 
DL-threonine 8% 20 | 72.90 | 10.88 4.32 | 
pL-alanine 11.9% |} 20 | 65.20 |16.67| 5.92 | 
Glycine 10% 16 57.14 1 3.18) 875 | 
L(+) arginine 14% 10 17.89 | 5.36 15.74 | 
L(+) lysine 13.4% 9 17.19 3.6 15.19 
DL-methionine 8% |} 20 14.31 5.0 23.65 | 
L(+) glutamie acid 5% 20 12.86 12) 24.81 
L(+) histidine 14% 10 3 _ 
= ee DOSE EQUIVALENT TO 6.9 ¢.C. 1.33 MOLAR SOL./KG./DAY 
“GROUP B RATS GROUP A RATS “s 
l | | NUM- | | T-RATIO 
NUMBER] MEAN | T-RATIO | BER | MEAN FROM 
OF SURVIV. | STD. FROM OF | SURVIV. | DEV. CON- 
RATS (HR.) | DEV. | CONTROL | RATS | (am.) | atm. TROT, 
Control rats | 67 87.95 | 12.99 | | 61 | 73.70 } 33.3 
DL-isoleueine 3.5% | 9 82.35 12.74 1.07 | | 
L(-) leueine 3.5% 5 | 69.18 |15.97] 2.43 | 20 66.58 |12.13] 2.75 
L-phenylalanine 3.5% 20 45.87 6.51 15.98 
DL-phenylalanine 3.5% 20) 39.94 10.84 14.02 
L(+) arginine 14% 10 32.50 | 3.16 12.54 


DL-tryptophane 4% 20 26.11 12.49 17.60 
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cent, 20 per cent, 16 per cent, and 15 per cent respectively of the time of their 
eontrols, but did not vary significantly from each other. The histidine group 
survived for less than three hours which is significantly less than for all the 
other amino acid groups. 

Because of their low solubilities, five amino acids were given to anurie rats 
at a dose equivalent to 6.9 ¢.c. of 1.33 molar solution per kilogram per day, and 
the results are listed in Table IV and Fig. 4. It was necessary to inject most 
of these amino acids in a warm supersaturated state. Rats given 3.5 per cent 
piL-isoleucine survived $4 per cent as long as the controls (Fig. 4), a difference 
which is not significant. A separate group of twenty uremic rats not listed here, 
when given injections of isoleucine in just half this dose, survived for an average 
of 91.4 hours. The group given leucine survived 88 per cent as long as the con- 
trols, a difference which is statistically significant. Decreased survival times 
were manifested by the groups that were given 3.5 per cent L-phenylalanine and 
3.5 per cent pL-phenylalanine (52 per cent and 46 per cent as long as the con- 
trols, respectively). The difference between these two groups is just barely 
significant. Shorter survival times were manifested by the groups injected with 
14 per cent L(+) arginine and 4 per cent pi-tryptophane (37 per cent and 30 
per cent as long as the controls, respectively). These values were significantly 
less than for the other amino acids civen at this concentration but not signifi- 
eantly different from each other. 


DISCUSSION 


The amount of glucose administered (3 to 6 Gm. per kilogram per day) did 
not prolong the survival time of the uremic rat, although it did give evidence 
of retarding the elevation of the serum inorganic phosphorus and nonprotein 
nitrogen as compared with the controls. Other investigators have re- 
ported?* ?> ?% # that a high carbohydrate diet will prolong the survival time 
of nephrectomized animals. The control rats received no calories orally or par- 
enterally in the postoperative period and, therefore, had to derive their entire 
daily carbohydrate needs from the breakdown of glycogen, fat, and protein, 
which resulted in a more rapid elevation of the inorganic phosphorus and the 
nonprotein nitrogen. There is relatively little increase in the amino nitrogen 
of the blood stream in comparison to the amounts administered. This faet in- 
dicates that the tissues of the body still retained their capacity to store or catab- 
olize large amounts of these substances. The fact that injection of amino. acid 
solution resulted in the greatest average rise in blood amino acid nitrogen may 
be due to its greater free amino acid content or to the proportions in which the 
amino acids are present in the solution. The data are too few to enable one to 
determine whether or not the shorter survival time associated with injection of 
the amino acid solution can be correlated with the greater average elevation in 
blood amino nitrogen values obtained for this group. The slower increase 
inorganie phosphorus and nonprotein nitrogen in glucose-injected animals is 
evidence that protein catabolism was retarded. This fact, taken with the lack 
of effect of glucose on survival time, suggests that protein catabolism was not the 
limiting factor in determining the survival time of ureteral ligated rats. 
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Injections of plasma-enzyme hydrolysate and casein-enzyme hydrolysate 
had a significant but much less marked effect on survival time than casein-acid 
hydrolysate or the amino acid solution, which shortened the survival time to 
approximately two-thirds that of the control groups. The reason for this dit- 
ference is not clear and cannot be related to the blood chemical values. The 
results suggest that not only the amount but also the chemical state and propor- 
tions of the amino acids influence their effect on survival time and presumably 
their fate in the body. It was considered that the toxicity of the protein hydrol- 
ysates may have been due to certain of the specific amino acids which they 
contain. It was demonstrated that some amino acids, when given in equimolar 
dosages, have a greater effect on survival of the anuric rat than have other 
amino acids. As further evidence as to whether or not individual amino acids 
contributed to the toxicity of a given mixture, ureteral ligated rats were given 
intraperitoneal injections of amino acids in dosages proportionate to their eon- 
centration in the amino acid solution (Merck). The amino acids which were 
present in the highest concentration (glycine 23 per cent, leucine 16 per cent, 
lysine 10 per cent) significantly lowered the survival times, whereas those of 
lower concentration (isoleucine 8 per cent, histidine 4 per cent, arginine 2 per 
eent) had no significant effect on the survival time. These findings indicate 
that the reduced survival time produced by this mixture is due to several amino 
acids present in high concentration rather than to high toxicity of a single amino 
acid. 

The amino acids tested when given in cquimolar dosages may be divided 
roughly into three groups: (A) Those causing little or no effeet on the survival 
time, (B) those causing a moderate effect, and (C) those causing a marked 
effect. In such a classification they are listed as follows: 


A. Little or no effect. 

1. pL-valine 

2. pL-isoleucine 

3. L(—) leucine 
B. Moderate effect. 

1. pL-threonine 

2. pL-alanine 

3. Glycine 

4. L-phenylalanine 

5. pL-phenylalanine 
(. Marked effect. 

1. L(+) arginine 
pL-tryptophane 
L(+) lysine 
pL-methionine 
L(+) glutamie acid 
». L(+) histidine 


. 
~ 
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The question arose regarding the tolerance of normal rats to injections 
of some of the amino acids. Four amino acids, glycine, leucine, histidine, and 
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elutamic acid, were tested on normal rats. Rats tolerated injections of 10 
per cent glycine quite well when they were less than 25 ¢.e. of 1.838 molar 
solution per kilogram per day. However, as the dose rose to 30 ¢.c. of 1.33 
molar solution per kilogram per day or more, the rats would die. The actual 
dosage of glycine given to the uremic rats was 13.8 ¢.c. of 1.33 molar solution 
per kilogram per day. Rats that received 2.4 per cent leucine easily tolerated 
dosages up to 50 per cent larger than those given to the uremic rats. Histidine 
(10 per cent) became toxie to the normal rat when the injections became 50 
per cent greater than those given to the uremic rats. Five per cent glutamic 
acid was toxie to rats when given in dosages equal to those given to the uremic 
rats. Consequently, in dosages approximating those given to the uremic rats, 
only glutamie acid and histidine had a toxie effect on the normal rats. 

The pH of the various solutions ranged from 3.96 for glutamic acid to 
6.38 for leucine. With the possible exception of glutamie acid and histidine, 
there was no relationship between the pH of the solutions and the survival 
times. There was no correlation between the amount of nitrogen injected and 
the survival time. Also, no correlation existed between the molecular weights 
of the amino acids and survival time. 

Because of the great expense of the natural forms of some amino acids, 
it was necessary in some instances to use the racemie forms. However, the 
responses of uremic rats to injections of pL-phenylalanine and L-phenylalanine 
were compared. Twenty rats that were given L-phenylalanine survived for an 
average of 45.87 hours, while those injected with pL-phenylalanine survived for 
an average of 39.94 hours (Table IV). The difference between the two groups 
is barely significant (t=2.1). Therefore, in this instance the p-form appears 
to be only slightly more toxic than the L-form. Other workers*® *® ** have 
presented some evidence suggesting that the unnatural isomers of amino acids 
are more toxic than the natural forms. However, absolute evidence of this 
difference has not been demonstrated. 

Another question to be answered was a possible difference of response to 
protein hydrolysates of rats that have had bilateral ureteral ligation as compared 
to those with bilateral nephrectomy. Twenty rats were made anurie by nephrec- 
tomy and given daily injections of casein-enzyme hydrolysate at a dose of 3 
Gm. per kilogram per day. The average survival time was 81.52 hours. The 
average survival time of rats made anuric by ureteral ligation and receiving 
the same injections was 78.04 hours. The difference between these two values 
is not significant. Nephrectomy probably does not alter the response to protein 
hydrolysates as compared with ureteral ligation. 


SUMMARY 


Protein hydrolysates and a mixture of amino acids all reduced the survival 
time of anurie rats when given at a dose of 3 Gm. per kilogram per day. 

Casein-acid hydrolysate and amino acid solution caused a greater decrease 
in the survival time of the uremic rat than plasma-protein enzyme hydrolysate 
or casein-enzyme hydrolysate, when given in doses of 3 Gm. per kilogram per day. 
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As the amount of protein hydrolysates administered to anuric rats is in- 


creased, the survival time decreases. This is not due to urea formed from the 


protein hydrolysates. 


A slower elevation of inorganic phosphorus and nonprotein nitrogen re- 


sulted after injections of glucose (3 to 6 Gim. per kilogram per day) as compared 


with control rats that received no injections. However, there was no difference 


in 


the survival time of these animals. 


Thirteen different amino acids injected into uremic rats produced from 


slight to marked effects upon survival time. 


The survival time of rats made anurie by ureteral ligation or nephrectomy 


is influenced to a similar degree by injections of protein hydrolysate. 
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A FAT EMULSION FOR INTRAVENOUS NUTRITION IN RABBITS 
H. C. Mene, M.D., Pu.D. 


NASHVILLE, TENN. 


ECENTLY our work has led to the development of a stable, fine fat emul- 
sion which can be given intravenously for nutritional purposes.’ This 





preparation, which has been administered intravenously to dogs for as long as 
ten weeks, did not produce any toxic effects and the experimental evidence 
demonstrated the utilization of the infused fat for energy in the body." * * 
Results obtained by other investigators concerning the utilization of the intra- 
venously administered fat have also supported similar conelusions.** However, 
further information on the toxie effects which might follow intravenous ad- 
ministration of this fat emulsion on animals other than dogs is quite desirable 
before it can be used with confidence clinically. 

The experiments carried out in this report were undertaken in an effort to 
study the effect of the fat emulsion used in this laboratory on arterial blood 
pressure, antigenic and pyrogenic reactions in rabbits. The effects of the daily 
infusion of 2.0 Gm. of fat per kilogram of body weight on hematologic, his- 
tologic, and body weight changes were also carefully investigated. 





EXPERIMENTAL PROCEDURES AND RESULTS 


Rabbits weighing 1.4 to 3.0 kilograms were used. There was no selection 
of strains and both males and females were included in the experiments. The 
animals were fed Purina rabbit chow and greens. Carrots were given also twice 
a week. They were kept under observation for seven to fourteen days prior to 
use for experiment. The preparation and composition of the fat emulsion were 
similar to that previously used.* Injections were made into the ear veins ex- 
clusively. A 10 per cent fat emulsion was used in all the experiments. 

Effect of Intravenous Injection of Fat Emulsion on Blood Pressure.—In 
four unanesthetized rabbits and four rabbits under ether anesthesia, the intra- 
venous injection of the emulsion (1.5 to 3.0 Gm. of fat per kilogram of body 
weight) produced a slight rise of 4 to 16 mm. Hg in the arterial blood pressure. 
The rise occurred during the injection and subsided immediately thereafter. 
The injection was completed in three or four minutes and the blood pressure 
was taken by inserting a 21 gauge hypodermic needle into the femoral artery 
which was connected with a mercury manometer through a three-way stopcock 
in all instances. In no instance was the change in arterial pressure significant. 

Antigenic Studies.*—Nine rabbits have been given 1.5 to 2.0 Gm. of fat 
per kilogram of body weight intravenously every day for three to four weeks. 
Blood sera were obtained from the rabbits on the tenth or eleventh day after 
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the last injection. A precipitin test was carried out using twofold dilutions 
of the sera from 1:5 to 1:1,280. As a control, a test was also performed using 
blood sera which were obtained from three normal rabbits. Fat emulsion used 
for the test was diluted 1:100. The precipitin test was found to be negative in 
all cases. The animals showed no sign of hypersensitiveness following a large 
dose (40 ¢.c. of 10 per cent emulsion) of fat injected intravenously five weeks 
after the last injection. The fat emulsion is nitrogen free as shown by Kjeldahl 
determination. 

Immediate Effects on Rectal Temperature and White Blood Cell Count 
(Pyrogen Test).—Forty rabbits were divided into eight groups of three to seven 
each. The animals were given intravenously 10 to 17 ¢.c. of fat emulsion per 
kilogram of body weight in two to five minutes. Rectal temperature and white 
blood cell count were determined before and one, two, and three hours after 
the injection of fat emulsion. The average increase of rectal temperature and 
change in white blood cell count are shown in Table I. It will be seen that the 
effect on rectal temperature seemed, at least in part, to depend on the age of the 
emulsion. Emulsions which were less than 2 months oid were pyrogen free or 
very slightly positive, but those which were more than 2 months old produced 
a febrile reaction of more than 1° C. However, an emulsion could be rendered 
less likely to produce fever when reautoclaved. There was no significant change 
in white blood cell count in these experiments except that an average increase 
of 4,202 per ecubie millimeter was observed (50 per cent increase) in the group 
of rabbits in which 6-month-old emulsion was injected. 

Hematologic Observations and Body Weight.—-After normal controls were 
observed for two weeks with red and white blood cell counts and determination 
of hemoglobin and body weight, twenty rabbits then received daily intravenous 
injections as follows. Two received 5 per cent glucose, five received the emulsify- 
ing agents (same amount and concentration as in the fat emulsion) in 5 per 
cent glucose, and thirteen received 10 per cent fat emulsion in 5 per cent glucose. 
The daily amount of fat given was 2.0 Gm. per kilogram body weight. Injections 
were continued for as long as four weeks after which the animals were sacrificed 
for histologic study. From Fig. 1, it will be noted that there was no significant 
change observed in the average weekly red blood cell count in any of the three 
groups of rabbits. In fact, a slight elevation was demonstrated during the last 
two weeks of infusion. Fig. 2 shows the average weekly determination of hemo- 
globin of the same groups of animals. Again no change occurred as a result 
of glucose, emulsifying agents, or fat emulsion administration. The average 
weekly white blood cell count showed considerable variation during the experi- 
mental period. <A very slight increase might have occurred during the period 
of infusion in all the three groups of animals. The results are shown in Fig. 3. 

Although balanee studies of food intake and output were not carried out 
in all three groups of animals receiving glucose, emulsifying agents, or fat 
emulsion, they showed no apparent change of appetite and appeared in good 
spirits. Food was allowed ad libitum during the period of the daily infusions 
as well as during the previous control period. From Fig. 4 it will be seen that 
all three groups of animals demonstrated a slight gain in body weight. 
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Histologic Study.*—Postmortem examination revealed no gross abnorniali- 
ties at the end of the four-week infusion period in all three groups of animals. 
Microscopically, only one rabbit (R6) of the fat emulsion infused group showed 
a few casts and two (R6 and R18) demonstrated very few fine fat globules in 
the collecting tubules of the kidney. There were also a few fine fat droplets 
scattered in the liver sinusoids in RIS. Otherwise all other hematoxylin and 
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Fig. 1.—The average weekly red blood cell count. @—e—@, Glucose-infused rabbits; 
@----- ®, emulsifying agents-infused rabbits; @————®@, fat emulsion-infused rabbits. 
Fig. 2.—The average weekly blood hemoglobin determination, @—e—e, Glucose-infused 
rabbits; @----- @, emulsifying agents-infused rabbits; @————@, fat emulsion-infused rabbits. 
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Fig. 3.—The average weekly white blood cell count. @—®*—®@®, Glucose-infused rabbits; 
@----- ®, emulsifying agents-infused rabbits; @———@, fat emulsion-infused rabbits. 
Fig. 4.—The change in body weight (average). @—e-—@, Giucose-infused rabbits; 
@----- ®, emulsifying agents-infused rabbits; @——-—@, fat emulsion-infused rabbits. 


eosin and sudan III stained sections of the liver, kidney, spleen, lung, and heart 
of the fat-infused animals showed no remarkable changes. In the animals re- 
ceiving emulsifying agents, two (R1 and R12) showed hemosiderin in the spleen 
sections stained with hematoxylin and eosin and two (R3 and R12) demonstrated 
a few fine fat globules in the collecting tubule of the sudan III stained kidney 





*I wish to acknowledge my indebtedness to Dr. John L. Shapiro of the Department of 


Pathology for interpretation of the histologic sections. 
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seetions. Nothing otherwise significant was observed indicating pathologic 
changes. There was nothing obtained which appeared abnormal in the liver, 


kidney, lung, spleen, and heart sections of the glucose-infused animals. 


DISCUSSION 

The experimental observations presented in this paper indicate that fat 
emulsion prepared in this laboratory is nontoxic to rabbits. The slight elevation 
of arterial blood pressure during injection of fat emulsion is as one might expect. 
It was undoubtedly due to the intravenous administration of fluid resulting 
temporarily in an increase in the circulating blood volume which in turn caused 
the rise of blood pressure. <A fall of blood pressure was never observed in spite 
of the presence of sodium cholate. The interpretation of this has been dis- 
cussed previously.’ 

Krom the standpoint of clinical use, it is of extreme importance to know 
whether or not this fat emulsion is antigenic. It would not be suitable if it 
causes hypersensitivity. According to the nitrogen determinations using a 
modified Kjeldahl method, it can be stated with considerable confidence that 
the preparation is protein free. Because of the fact that Rosenau and Ander- 
son® sueceeded in one case in sensitizing with as minute an amount as 0.000001 





c.c. of horse serum, further tests for antigen and sensitization appeared neces- 
sary. However, none of the nine rabbits showed a positive precipitin test even 
when the test was performed on the tenth or eleventh day after the last injection 
when precipitins are supposed to reach their highest concentration in the blood 
(eight to twelve days after the last injection). Furthermore, signs of anaphy- 
lactic shock or hypersensitiveness have never been observed in any of the tested 
rabbits. It is justifiable to conclude that the fat emulsions used in this labora- 
tory were not antigenic. 

Since the basie and extensive studies of Seibert®'’"! on pyrogens have 
been reported, it is a well-recognized fact that any medicinal agents or solutions 
intended for parenteral use and particularly for intravenous administration 
should be free of pyrogens or thermogenic substances. The most acceptable pro- 
cedure is to take rectal temperatures at three successive hourly intervals after 
the injection of the test sample. In the work presented here, the white blood 
cell count was determined as well as the rectal temperature. The effect of 
pyrogen-containing solutions on the circulating white blood cell count was first 
demonstrated by Co Tui and associates.’* 1° They reported the production of 
a marked leucopenia in addition to the elevation of body temperature in dogs 
and human subjects following intravenous injections of saline solutions which 
were made with boiled and filtered tap and aquarium waters. Chapman" also 
found that a marked leucopenia (a drop of 4,000 cells per cubie millimeter of 
blood or more) accompanied the fever reaction which occurred in injection of 
pyrogen-containing solutions. His studies were carried out on rabbits. The 
number of rabbits used to carry out the pyrogen test in this paper might be too 
small to reach a final conclusion. However, it is reasonable to state that emul- 
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sions which are less than 2 months old can be safely used for intravenous ad- 
ministration, and those which are more than 2 months old should be reautoclaved 
just before use. 

It is interesting to point out that pyrogens cannot be destroyed by auto- 
claving at 12 pounds pressure for twelve minutes. Yet reautoclaving rendered 
the emulsions much less thermogenic. This leads me to believe that the febrile 
reaction following intravenous administration of an old fat emulsion must have 
been due at least in part to some other causes of unknown nature. Further 
investigation in this regard is undoubtedly necessary. As to the white blood 
cell count, leucopenia was never observed. In fact there was no significant vari- 
ation in leucocyte counts demonstrated except that an average increase of 4,202 
per cubie millimeter of blood was obtained following injection of a 6-month-old 
emulsion, which was approximately 50 per cent of the control finding. The 
average increase of rectal temperature for the same group of animals was 1.45° 
C. (Table I). The rise of white blood cell count was probably parallel with the 
increase of rectal temperature. It can be said that leucopenia probably cannot 
be used as a criterion for pyrogen test in our case. 

The hematologic changes observed following intravenous administration of 
fat emulsion require no further discussion. Judging from the results presented 
in this paper, it can be confidently concluded that the daily infusion of 2.0 Gm. 
fat per kilogram of body weight as 10 per cent emulsion for as long as four 
weeks did not produce anemia, The change in white blood cell count might well 
be the daily variations. The gain in body weight further indicates the nontoxic 
nature of the preparation. 

It is of interest to note that 2.0 Gm. of fat per kilogram of body weight in 
rabbits approximately corresponds to 130 Gm. of fat for an average-sized man. 
This amount of emulsion would furnish 1,400 calories per day. 

It is difficult to determine whether or not the few fine fat globules observed 
in the collecting tubules of the kidneys of two of the thirteen emulsion-infused 
rabbits were the result of fat administration. However, since the same change 
was also observed in two of the five animals receiving emulsifying agents, it is 
reasonable to believe that the change was not due to fat infusion per se. Fur- 
thermore, it is of doubtful significance insofar as clinical use is concerned. This 
belief can be further supported by the fact that there was no fat seen in any of 
the liver sections except in R18 in which a few fine fat droplets were observed 
in the sinusoids. The failure to produce any toxie effect in rabbits receiving 
daily infusion for as long as four weeks further strengthens our confidence in 
the clinical use of the preparation. 


SUMMARY AND CONCLUSIONS 


Observations were reported on the effects of intravenous administration 
of a fat emulsion for parenteral nutrition to rabbits. Injection of 1.5 to 3.0 
Gm. of fat per kilogram of body weight caused no significant change in arterial 
blood pressure. The emulsion was not antigenic and did not cause hypersensi- 
tiveness. Emulsions which were less than two months old produced no febrile 
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reaction and the old preparations could be rendered less thermogenie when re- 


autoclaved. Anemia was not observed after the daily intravenous infusion of 


2.0 Gm. fat per kilogram of body weight for as long as four weeks. Slight gain 


in 


body weight was demonstrated. Postmortem examinations, microscopic as 


well as gross, revealed no significant pathologie changes. 


It can be concluded that further confidence has been gained in this emulsion 


for clinical use. 
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PRODUCTION OF INSULIN SENSITIVITY WITH THE 
ADRENOCORTICOLYTIC DRUG 
DDD (2, 2-bis (PARACHLOROPHENYL)-1,1-DICHLOROETHANE) 


JOHN NICHOLS* AND Lytr I. GARDNERt 
CHAPEL Hix, N. C. 


pean of the adrenal cortex in dogs’ * * with conspicuous lesions in the 
zona fasciculata and reticularis? has been reported to occur as a consequence 
of the oral administration of the compound DDD (2,2-bis (parachloropheny])-1, 
1-dichloroethane). Inasmuch as the diabetogenic hormones of the adrenal are 
apparently elaborated in the zona fasciculata,* it follows that administration of 
DDD should provoke increased sensitivity to insulin. The experiments described 
here were designed to examine this possibility. 


MATERIALS AND METHODS 


Ten adult, mongrel dogs with weights ranging from 7.7 to 15 kilograms were used. 
They were apparently in good health and free from external and internal parasites. DDD 
(200 mg. per day dissolved in corn oil) was given in capsules orally to the experimental dogs 
as shown in Tables I and II. Control dogs received the same diet of Purina chow and beef 
scraps as did the experimental dogs. 

Intravenous insulin tolerance tests were given to experimental and control dogs accord- 
ing to the schedule shown in Table I. All insulin tolerance tests were done as follows. Food 
was withdrawn from the cages for forty-eight hours prior to each test. Lilly’s Iletin regular 
insulin (40 units per milliliter) was used, diluted when necessary with distilled water. 
Venous blood samples were taken before insulin, and one-half, one, two, three, and four 
hours after insulin injection (Fig. 1). Blood glucose was determined by the method of 
Folin,® using a Klett-Summerson colorimeter. 

Three liver function tests were done (Table II). (1) Plasma prothrombin concentra- 
tions were done by the modified two-stage method of Ware and Seegers.6{ (2) Serum thymol 
turbidity determinations were done by the method of Shank and Hoagland? using a Klett- 
Summerson colorimeter with a 666 mu filter. (3) A modification of Livingston and Bridge’s 
epinephrine test for hepatic glycogenolysis was used.8 In this test, food was withdrawn from 
the cages twenty-four hours prior to the procedure. The test dose (0.05 mg. per kilogram) 
of epinephrine hydrochloride was injected intravenously. Venous blood samples for glucose 
concentration were taken before epinephrine and one-fourth, one-half, and one hour after 
epinephrine injection (Table III). 

At the time of sacrifice the dogs were killed by intravenous injection of ether and imme- 
diately autopsied. The adrenals, pituitary, and samples of the kidney and liver were fixed in 
ten per cent Formalin, sectioned, and stained with hematoxylin and eosin. Frozen sections 
were also made of the adrenals and stained with sudan III for demonstration of total lipids. 
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TABLE I. DatTa ON Six DOGS GIVEN Two DOSE LEVELS OF INSULIN DEMONSTRATING THE 
EFFECT OF ORAL DDD TREATMENT ON INSULIN TOLERANCE CURVES AND CLINICAL BEHAVIOR 


ABNORMALLY LOW 


INSULIN TOLERANCE INSULIN 
DOG | TEST (U. PER KG. ) TOLERANCE CURVE | CLINICAL EFFECTS 
PRIOR TO FEEDING DDD 

~~ a 0.4 : 0 : co es 
B 0.4 0 0 
C 0.4 0 0 
D 0.4 0 0 

o.0 + 0) 
K 0.4 0) (0) 

3.0 * (0) 
F 0.4 0 0 

3.0 + 0 


FED DDD 3 WK. 


A 0.4 +++ Death 

B 0.4 0 0 

C 0.4 0 0 
FED DDD 5 WK. 

D 3.0 ++ Ataxia 

E 3.0 ++ Ataxia 

F 3.0 ++ Ataxia 
FED DDD 8S WK. 

B 3.0 ++ Coma 

C 3.0 ++ Ataxia 


TABLE II. DATA ON TWo LIVER FUNCTION TESTS: PLASMA PROTHROMBIN CONCENTRATION AND 
SERUM THYMOL TURBIDITY IN Four Docs TREATED WitTH ORAL DDD AND IN A CONTROL DOG 


PROTHROMBIN THYMOL TURBIDITY | LENGTH OF — 
CONCENTRATION | (SHANK-HOAGLAND TURBIDITY TREATMENT 
DOG MEDICATION (% OF NORMAL ) UNITS* ) (WK. ) 
N None 100 zo 0 
DDD 96 5 5 
J DDD 100 <5 5 
K DDD 103 <5 3) 


Bt DDD §9 8 
*Normal range 0-5. 
*Plasma stored two months at —60° F. 


TABLE III. BLoop GLUCOSE CURVES OBTAINED AFTER 0.05 MG. PER KILOGRAM EPINEPHRINE 
HYDROCHLORIDE WAS INJECTED INTRAVENOUSLY INTO CONTROL DOGS AND Docs FED DDD 
The Differences Seen Between the Treated and Untreated Dogs Were Not Statistically Differ- 
ent (F — 2.28 With 1 and 16 Degrees of Freedom). However, the Total Number of Six 
Dogs Used May Be Insufficient to Show Any Difference in View of the Large Animal 
Variability. Further Observations Are Desirable Using More Dogs and Duplicate Blood 
Analyses. 


DOG (0 MIN. 15 MIN. 30 MIN. OO MIN, 
CONTROL DOGS 

a 75 125 105 SD 
Q 60 0 120 105 

t 75 20 110 89 

DOGS FED DDD 5 WK. 

I 70 125 110 on 
J 62 120 110 100 


120 60 
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Fig. 1.—Per cent change in blood glucose concentration in four normal dogs and two 
dogs treated with 200 mg. DDD per day for eight weeks (following the intravenous administra- 
tion of insulin, 3 units per kilogram). 














DOGS "D" "E* a'r" 
q 
\ eel 
‘ . BEFORE DDD TREATMENT 
40} a, ie onl 
~~ 
s 7 
“N 
— AFTER 5 WEEKS OF DDD ADMINISTRATION eee 
—* mom. g -=_ aaa: —_ s- 
20/1 
tot 
Yo ' 2 3 


TIME IN HOURS 


Fig. 2.—Mean data for insulin tolerance tests on three dogs prior to feeding DDD and 
after five weeks of DDD treatment. It can be seen that the average blood glucose values from 
insulin tolerance curves done after feeding DDD were lower than when done prior to feeding DDD. 
This decrease averaged 12 mg. per cent when all blood glucose values in the pre-DDD curves 
were compared with the post-DDD curves. The decrement was statistically significant, since 
the probability that it could have arisen by chance alone was considerably less than 1 in 100. 
{In making this test of significance, allowance was made for the variation between and within 
dogs, and the time-response for the insulin injection. The estimated 95 per cent confidence 
interval for the average reduction in blood glucose was 7 to 17 mg. per cent. 

The hypothesis was also tested that the configuration of the two curves is the same 
after insulin injection, even though one is at a lower level than the other. This was done by 
‘itting polynomials to the two sets of data portrayed in Fig. 2. It was found that the only 
lifference between the fitted curves was the constant term and that the regression coefficients 
of blood glucose on time were not significantly different in the two sets of data. 
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RESULTS 

(A) Insulin Tolerance Tests.—Three weeks after DDD therapy was begun 
Dog A developed convulsions and hypoglycemia during an insulin tolerance test 
(0.4 unit per kilogram), and died after twenty-four hours of continuous tonic- 
clonie twitching (Table I). Experimental Dogs B and © at this time showed no 
effect from 0.4 unit per kilogram of insulin, but five weeks later showed ab- 
normally low insulin tolerance curves, transient coma (Dog B), and ataxia (Dog 
() when given 3.0 units per kilogram. Controls done at the same time showed 
none of these manifestations (Fig. 1). 





Fig. 3.—Section of adrenal cortex of control Dog N. The glomerulosa is at the top of 
the photograph, and a narrow strip of medulla can be seen at the bottom. The fasciculata 
and reticularis extend between the two arrows. (X85. Hematoxylin and eosin stain.) 


Dogs D, E, and F received insulin tolerance tests of 3.0 units per kilogram 
prior to receiving oral DDD, and again five weeks after daily administration of 
the drug. During the latter test the dogs became aiaxie and showed lower in- 
sulin tolerance curves when compared with values obtained before DDD therapy 
(Table I; Fig. 2). 

(B) Liver Function Tests—Beecause DDD is known to cause liver damage? 
and since this in itself may influence the insulin tolerance curve, three tests for 
functional hepatic insufficiency were made on dogs fed DDD. Table II presents 
the data obtained when plasma prothrombin concentration and serum thymol 
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turbidity were determined on such animals. Table III shows data obtained when 
epinephrine tolerance tests for hepatie glyecogenolysis were done on DDD-fed 
dogs. None of these tests showed significant diminution in liver function. 

(C) Histologic Data.—The microscopic appearance of the adrenal from con- 
trol Dog N is shown in Fig. 3. In the dogs treated with DDD, microscopic 
examination of the adrenals stained with hematoxylin and eosin revealed marked 
atrophy of the fasciculata and complete atrophy of the reticularis. The glom- 
erulosa remained relatively unchanged (Fig. 4). Dog C, who had an abnormally 





Fig. 4.—Section of adrenal cortex of Dog B photographed at the same magnification as 
Fig. 3. This dog had been treated with DDD for eight weeks and became comatose during 
an insulin tolerance test. Note the well-defined glomerulosa which is slightly thicker than 
that of the control (Fig. 3). The fasciculata and reticularis are almost absent, and a thin band 
of reticular tissue, measured by the two arrows, is all that remains . The bottom half of the 
photograph is medulla. (85. Hematoxylin and eosin stain.) 


2 


low insulin tolerance curve but minimal clinical evidence of hypoglycemia, 
showed less histologically apparent adrenal damage than Dogs A and B who 
were more sensitive to the insulin. In the dogs treated with DDD the sudano- 
philie lipids of the atrophie zones adjacent to the medulla were greatly reduced. 
in the outer cell lavers of the fasciculata the lipids were collected in extremely 
arge globules, whereas in the glomerulosa, especially in Dog B, the lipids were 
‘resent in fine, powdery droplets (Fig. 5). The appearance of lipids in fine drop- 
ets has been taken as an indication of increased adrenal activity.’ 
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The livers of the dogs treated with DDD showed a moderate degree of cen- 
tral fatty degeneration, as observed by Nelson and Woodard.? The kidneys and 


pituitaries showed no histologic changes. 
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Fig. 5.—Glomerulosa of DDD-fed Dog B at a higher magnification. A fat stain shows 
that the glomerulosa is filled with small powdery droplets of lipid (upper half of photograph), 
and the adjacent atrophic tissue (lower half) is filled with larger droplets. (185. Sudan III 
stain. Frozen section 15 uw thick. Green filter.) 


DISCUSSION 

The production of relative insulin sensitivity in six dogs permits one to 
draw only preliminary conclusions. However, when taken with the histologic 
findings in the adrenal cortices of these animals and in light of the newer knowl- 
edge of the relation between adrenal cortical strueture and funetion, certain 
limited comments can be made. For purposes of convenience, comments will be 
divided into three groups represented by the three principal adrenal cortical 
hormone types: (1) earbohydrate regulating steroids (‘‘S’’ hormones), (2) 
sodium-potassium regulating steroids (Na-K hormones), and (3) androgenic 
steroids (urinary 17-ketosteroid precursors). 

““S”’ Hormones.—The development of insulin sensitivity in the DDD-treated 
animals is in accord with the concept of the diabetogenic action of the carbohy- 
drate-active steroids of the adrenal cortex. It is known that adrenalectomy will 
ameliorate pancreatic diabetes (Iong-Lukens animal)'® and that administration 
of pure 11-oxygenated adrenal cortical steroids" or adrenocorticotrophie hormone 
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(ACTH )** will produce ‘‘steroid’’ diabetes. The glycogenolytie activity of epi- 
nephrine from the medulla in insulin tolerance tests was pointed out by Brouha 
and colleagues.* Finally, hypophysectomy with cessation of production of 
ACTH will ameliorate diabetes (Houssay animal)'* and will produce atrophic 
adrenal cortices.?® 


The death of Dog A after only 0.4 unit of insulin per kilogram is note- 
worthy. Although this dose is in excess of that used clinically in insulin toler- 
ance tests (0.1 unit per kilogram), it is not extreme. Engel and Scott have re- 
cently re-emphasized the hazardous nature of the ordinary insulin tolerance test 
in patients with Addison’s disease.!® 

None of the animals in this experiment developed unusually low blood sugar 
levels after a forty-eight hour fast, whereas the fasting tolerance test has been 
found useful in confirming the diagnosis of Addison’s disease in patients.’ How- 
ever, the dogs had practically intact glomerulosas and patients with Addison’s 
disease do not. Recent data indicate that there is some interconversion of 
desoxycorticosteroids into carbohydrate active steroids in adrenal tissue*® which 
might be sufficient to offer protection against fasting in an animal whose fas- 
ciculata is completely destroyed. Greep and Deane have recently shown that 
cortical tissue which has regenerated from the surviving glomerulosa of a gland 
which has had its medulla and fasciculata curetted out can produce carbohydrate 
active steroids.1*” 

Evidence points to the fasciculata as the site of production of the carbo- 
hydrate active cortical steroids.* Nonspecific stresses which elicit endogenous 
production of ACTH, or administration of ACTH itself, cause an ‘‘alarm reac- 
tion’’ in the adrenal cortex of rats and dogs (depletion of lipids) which is most 
marked in the fasciculata.4| The administration of corticosterone* or cortisone’® 
to rats causes atrophy of the fasciculata and reticularis. Adrenal atrophy in the 
rat caused by cortisone treatment has been shown to be mediated via suppression 
of pituitary ACTH production.*° 

Na-K Hormones.—There is considerable evidence that the glomerulosa reg- 
ulates sodium and potassium metabolism. Administration of diets high or low 
in sodium or potassium cause histochemical changes in this zone.*!-** Admin- 
istration of desoxyeorticosterone causes atrophy of the glomerulosa.?? This 
atrophy can be prevented by maintaining the animal on a low sodium diet.?® 
In most animals the glomerulosa remains intact after hypophysectomy while the 
fasciculata and reticularis atrophy.’® 27° Sueh hypophysectomized animals re- 
main in electrolyte balance**-** although they tend toward hypoglycemia. Daugh- 
aday and MacBryde*’ have recently presented additional evidence indicating 
that the salt-retaining activity of the human adrenal cortex is independent of the 
pituitary. 

The animals in this experiment showed no clinical evidence of lack of the 
lesoxyeorticosteroid type of adrenal cortical hormone. On the contrary, one 
of the animals (Dog B) showed transient periorbital edema. This finding, to- 
rether with the observation of fine droplets of lipid in the glomerulosa, suggests, 
if anything, relative hyperactivity of that adrenal cortical region. If there 
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is a causal relationship between atrophy of the two inner cortical zones and 
hyperfunction of the outer zone, some light may be thrown on the paradoxical 
appearance of desoxycorticosteroid effect (hypochloremie alkalosis) in patients 
receiving cortisone therapy.** The effect of cortisone in causing atrophy of the 
two inner cortical zones was previously mentioned.’® 

From the behavior of the DDD-fed dogs the conclusion appears warranted 
that in the dog the glomerulosa (not under pituitary ACTH control) is neces- 
sary for life, whereas the fasciculata and reticularis (under ACTH control) are 
not. 

Androgenic Hormone.—Clinieal and experimental evidence indicates that 
the reticular zone is involved in the production of adrenal androgenic ster- 
oids.***! Since the reticular zone appears to be destroyed in the animals fed 
DDD, studies of 17-ketosteroid excretion are in order. 

Mechanism of Action.—There is no evidence as to how DDD brings about 
this adrenal cortical atrophy. Finnegan and colleagues* have found that the 
substanee accumulates preferentially in body fat, apparently because it is more 
soluble in fats than in an aqueous medium. These investigators also found it 
present in relatively high concentration in the adrenal. If DDD exerts a local 
effect, it is difficult to understand how the zona glomerulosa escapes atrophy since 
lipids are distributed throughout all parts of the cortex. 

Since the zona glomerulosa is apparently independent of the pituitary in 
rats, dogs, and guinea pigs,’ ** **-°* it should remain intact in the presence of 
an ACTH blocking agent. The resultant atrophy ought to resemble histologically 
that obtained by hypophysectomy. This is in fact the appearance in dogs after 
DDD treatment. No data are available to elucidate the mechanism of this action, 
although an attractive hypothesis would be that DDD blocks the action of ACTH 
in the dog. 

SUMMARY 


Prolonged oral administration of DDD to dogs results in an atrophy of the 
zona fasciculata and reticularis of the adrenal cortex similar to that obtained 
by hypophysectomy. Such animals survive, indicating that the two inner zones 
may not be necessary for the preservation of life. The intact glomerulosa be- 
comes infiltrated with small droplets of lipid material suggestive of a state of 
increased activity. Dogs so treated show no clinical signs of sodium deficiency 
and become relatively insulin sensitive. Possible mechanisms of action are dis- 
cussed. 

The authors are especially grateful to Dr. Charles W. Hooker for helpful suggestions. 
Dr. Bernard G. Greenberg of the Department of Biostatistics, University of North Carolina 
School of Public Health, kindly made the statistical analyses reported in Fig. 1 and Table 
Ill. Thanks are due to Mrs. Kenneth Wyatt and Mr. Charles Collins for technical assistance. 


REFERENCES 


1. Nelson, A. A., and Woodard, G.: Adrenal Cortical Atrophy and Liver Damage Produced 
in Dogs by Feeding 2,2 bis-( Parachloropheny])-1,1-Dichlorethane (DDD), Federation 
Proc. 7: 277, 1948. 

2. Nelson, A. A., and Woodard, G.: Severe Adrenal Cortical Atrophy (Cytotoxic) and 
Hepatic Damage Produced by Feeding 2,2-bis-(Parachloropheny]) -1,1-Dichloroethan¢ 

(DDD or TDE), Arch. Path. 48: 387, 1949. 




















PRODUCTION OF INSULIN SENSITIVITY WITH DDD Bot 


3. Finnegan, J. K., Haag, H. B., and Larson, P. 8.: Tissue Distribution and Elimination of 
DDD and DDT Following Oral Administration to Dogs and Rats, Proe. Soc. Exper. 
Biol. & Med. 72: 357, 1949. 
1, Greep, R. O., and Deane, H. W.: The Cytology and Cytochemistry of the Adrenal Cortex, 
Ann. New York Acad. Se. 50: 596, 1949. 

Folin, O.: Two Revised Copper Methods for Blood Sugar Determination, J. Biol. Chem, 
82: 83, 1929. 

6. Ware, A. G., and Seegers, W. H.: Two-Stage Procedure for the Quantitative Determina- 
tion of Prothrombin Concentration, Am. J. Clin. Path. 19: 471, 1949. 

Shank, R. E., and Hoagland, C. L.: A Modified Method for the Quantitative Determina- 
tion of the Thymol Turbidity Reaction of Serum, J. Biol. Chem. 162: 133, 1946. 

8. Livingston, 8., and Bridge, E. M.: Tests of Carbohydrate Metabolism in Infants, J. A. 
M. A. 119: 117, 1942. 

9. Selye, H.: Studies on Adaptation, Endocrinology 21: 169, 1937. 

10a, Long, C. N. H., and Lukens, F. D. W.: The Effects of Adrenalectomy and Hypophysee 
tomy Upon Experimental Diabetes in the Cat, J. Exper. Med. 63: 465, 1936. 

b. Green, D. M., Nelson, J. N., Dodds, G. A., and Smalley, Kk. E.: Bilateral Adrenalectomy 
in Malignant Hypertension and Diabetes, J. A. M. A. 144: 439, 1950. 

11. Ingle, D. J.: The Production of Glycosuria in the Normal Rat by Means of 17-Hydroxy- 
11-Dehydrocorticosterone, Endocrinology 29: 649, 1941. 

12. Ingle, D. J., Li, C. H., and Evans, H. M.: The Effect of Adrenocorticotrophic Hormone 
on the Urinary Excretion of Sodium, Chloride, Potassium, Nitrogen, and Glucose in 
Normal Rats, Endocrinology 39: 32, 1946. 

13. Brouha, L., Cannon, W. B., and Dill, D. B.: Blood-Sugar Variations in Normal and in 
Sympathectomized Dogs, J. Physiol. 95: 431, 1939. 

14. Houssay, B. A.: Advancement of Knowledge of the Role of the Hypophysis in Carbo- 
hydrate Metabolism During the Last Twenty-Five Years, Endocrinology 30: 884, 
1942. 

15. Houssay, B. A., and Sammartino, R.: Modifications histologiques de la surrénale chez les 

chiens hypophysoprives ou 4 tuber Lésé, Compt. rend. Soe. de biol. 114: 717, 1933. 

16. Engel, F. L., and Scott, J. L.: The Insulin-Glucose Tolerance Test. A Modified Proce- 
dure for the Detection of Hypoglycemia Unresponsiveness in Pituitary and Adrenal 
Insufficiency, J. Clin. Investigation 29: 151, 1950. 

17. Talbot, N. B.: In Panel Discussion on Adrenal Gland in Health and Disease, Pediatrics 
3: 515, 1949. 


ISa. Hayano, M., Dorfman, R. I., and Prins, D. A.: Metabolism of the Steroid Hormones. 
Conversion of Desoxycorticosterone to Glycogenic Material in Vitro, Proce. Soe. 

Exper. Biol. & Med. 72: 700, 1949. 
b. Greep, R. O., and Deane, H. W.: Histological, Cytological and Physiological Observa- 


tions on the Regeneration of the Rat’s Adrenal Gland Following Enucleation, En- 
docrinology 45: 42, 1949. 
19a. Stebbins, R. B.: Cytochemical Changes in the Adrenal Cortex of the Rat Following 
the Administration of Cortisone, Federation Proc. 9: 345, 1950. 
. Winter, C. A., Silber, R. H., and Stoerk, H. C.: Production of Reversible Hyper- 
adrenocortinism in Rats by Prolonged Administration of Cortisone, Endocrinology 
47: 60, 1950. 

20. Lewis, R. A., Rosenberg, E., and Wilkins, L.: The Effect of 11-Dehydrocorticosterone 
Upon the Adrenal of Normal Rats and of Hypophysectomized Rats Maintained With 
Adrenocorticotropin. Endocrinology. In press. 

21. Nichols, J.: Effects of Electrolyte Imbalance on the Adrenal Gland, Arch. Path. 45: 
717, 1948. 

22. Deane, H. W., Shaw, J. H., and Greep, R. O.: The Effect of Altered Sodium or Potassium 
Intake on the Width and Cytochemistry of the Zona Glomerulosa of the Rat’s Adrenal 
Cortex, Endocrinology 43: 153, 1948. 

23. Bergner, G. E., and Deane, H. W.: Effects of Pituitary Adrenocorticotropic Hormone 

on the Intact Rat, With Special Reference to the Cytochemical Changes in the Adrenal 
Cortex, Endocrinology 43: 240, 1948. 

24. Baechus, H.: Cytochemical Study of the Adrenal Cortex of the Rat Under Stress, Am. 
J. Physiol. 163: 326, 1950. 

25. Sarason, E. L.: Morphological Changes in the Rat’s Adrenal Cortex Under Various 
Experimental Conditions, Arch. Path. 35: 375, 1945, 

6. Knowlton, A. I., Loeb, E. N., Stoerk, H. ©., and Seegal, B. C.: Desoxycorticosterone 
Acetate, the Potentiation of Its Activity by Sodium Chloride, J. Exper. Med. 85: 
187, 1947. 

7. Aseoli, G., and Legnani, T.: Delle Alterazioni Consecutive All’Ablazione Dell-Ipofisi, Boll. 
Soc. med. chir., Pavia. 25: 378, 1911. 

‘Ss. Smith, P. E.: Hypoplysectoniy and Replacement Therapy in the Rat, Am. J. Anat. 45: 

205, 1930. 








238 NICHOLS AND GARDNER 


29. Deane, H. W., and Greep, R. G.: A Morphological Study of the Rat’s Adrenal Cortex 
After Hypophysectomy, With Comments on the Liver, Am. J. Anat. 79: 117, 1946. 

30. LeBlond, C. P., and Nelson, W. O.: Modifications histologiques des organes de la souris 
aprés hypophysectomie, Compt. rend. Soc. de biol. 124: 9, 1937. 

ol, MePhail, M. K.: Hypophysectomy of the Cat, Proc. Roy. Soc., London, s.B., 117: 45, 
1935. 

52. Crooke, A. C., and Gilmour, J. R.: A Deseription of the Effect of Hypophyseetomy on the 
Growing Rat, With the Resulting Histological Changes in the Adrenal and Thyroid 
Glands and the Testicle, J. Path. & Bact. 47: 525, 1938, 

joa. Schweizer, M., and Long, M. E.: Partial Maintenance of the Adrenal Cortex by Anterior 
Pituitary Grafts in Fed and Starved Guinea Pigs, Endocrinology 46: 191, 1950. 

b. Jones, I. C.: Effect of Hypophysectomy on the Adrenal Gland of the Immature Mouse, 
Am, J. Anat, 86: 371, 1950. 

e. Heinbecker, P., White, H. L., and Rolf, D.: Experimental Obesity in the Dog, Am, J. 
Physiol. 141: 549, 1944. 

d. Farquharson, R. F.: Simmons’ Disease, Springfield, 1950, Charles C Thomas. 

34. Ingle, D. J.: Problems Relating to the Adrenal Cortex, Endocrinology 31: 419, 1942. 

35. Swann, H. G.: The Pituitary-Adrenocortical Relationship, Physiol. Rev. 20: 493, 1940. 

36. de Bodo, R. C., Earle, D. P., Jr., Schwartz, I. L., Farber, S. J., and Pellegrino, E. D.: 
Electrolyte and Water Excretion in the Hypophysectomized Dog, Federation Proc. 
9: 30, 1950. 

37. Daughaday, W. H., and MacBryde, C. M.: Renal and Adrenal Mechanisms of Salt Con- 
servation. The Excretion of Urinary Formaldehydogenic Steroids and 17-Ketosteroids 
During Salt Deprivation and Desoxycorticosterone Administration, J. Clin. Investi- 
gation 24: 591, 1950. 

38a. Thorn, G. W., Forsham, P. H., Frawley, T. F., Hill, S. R., Roche, M., Staehelin, D., and 
Wilson, D. L.: The Clinical Usefulness of ACTH and Cortisone New England J. 
Med. 242: 783, 1950. 

b. Hench, P. 8., Kendall, E. C., Slocumb, C. H., and Polley, H. F.: Effects of Cortisone 
Acetate and Pituitary ACTH on Rheumatoid Arthritis, Rheumatic Fever and Certain 
Other Conditions, Arch, Int. Med. 85: 545, 1950. 

39. Blackman, 8. S., Jr.: Concerning the Function and Origin of the Reticular Zone of the 
Adrenal Cortex; Hyperplasia in the Adrenogenital Syndrome, Bull. Johns Hopkins 
Hosp. 78: 180, 1946. 

40. Wilkins, L., Fleischmann, W., and Howard, J. E.: Macrogenitosomia Precox Associated 
With Hyperplasia of the Androgenic Tissue of the Adrenal and Death From Corti- 
coadrenal Insufficiency, Endocrinology 26: 385, 1940. 

41. Gardner, L. I., Sniffen, R. C., Zygmuntowicz, A. S., and Talbot, N. B.: Follow-Up Studies 

in a Boy With Mixed Adrenal Cortical Disease, Pediatrics 5: 808, 1950. 























STUDIES OF RADIOGALLIUM AS A DIAGNOSTIC AGENT IN 
BONE TUMORS 

Compr. W. C. Mutry, MC, USN,* anp Compr. H. C. DupLey, MSC, USNt 

BETHESDA, Mp. 


INTRODUCTION 


HIS is a report of the first eighteen human subjects in whom radiogallium 
tracer studies have been made at this medical center. 

Laboratory studies of the pharmacology and biochemistry of gallium have 
shown that this element is selectively localized in osteoid tissues’ ? and particu- 
larly in centers of osteogenesis.* + 

The purpose of the present study was (a) to develop methods for the lo- 
calization of Ga‘ in the human body, by an externally positioned Geiger tube, 
and (b) to determine the degree of localization of Ga‘? in patients with neo- 
plastic lesions involving bone. The present study reports results of the study 
of eighteen cases of primary and secondary bone malignancies. 

Gallium is a metallic element having many of the chemical properties of 
aluminum. The radioactive isotope (Ga™) is a B and y emitter, of energetic 
spectrum (max. B 3.1 mev, y 2.5 mev). This isotope is contained in carrier 
gallium (0.1 me. per milligram Ga) and administered as the citrate.® 


LABORATORY METHODS 


Counting Techniques.—There are many factors which must be considered when attempt- 
ing to localize in the human body, by external counting methods, a particular organ or 
structure which contains a quantity of some radioactive substance. The principal factors 
are (1) volume of tissue containing a high concentration of the isotope, (2) differential 
distribution of the isotope between the localized area and the adjacent tissues, (3) depth 
of center of mass, i.e., distance to counter tube, (4) degree of collimation obtainable with 
jacketed Geiger tubes, (5) the nature of the radiation and its absorption characteristics in 
tissues, and (6) absorption characteristics between counter and source. 

In order to study the effectiveness of (1131) radioiodine diagnostic and therapeutic 
procedures, various end-window Geiger tubes were fitted with lead shells. This was an 
attempt to produce a collimated beam of gamma radiation which would more closely define 
areas of active thyroid hyperplasia. Considerable success was obtained in these studies.® 
[t was found that the same general type of jacket was satisfactory for such studies of 
Ga72, but a considerably larger and denser shield was needed in order to produce a sharply 
collimated beam from the skin surface of a patient receiving Ga72, In Fig. 1 is presented 
a sketch of the Geiger tube and the surrounding jacket (weight 7 kilograms) as used in 
these studies. 

In Fig. 2 are presented graphically results of a study of the collimating ability of 
the tube and jacket described in Fig. 1. This study was made using a 2 em. planchet of 
Ga72, The ‘‘theoretical cutoff zone’’ is the geometric projection of lines passing through 
the edges of the tube window and the shield port. This zone delineates the area beneath 
the tube which emits radiation directly (disregarding scattered radiation) into the tube. 


The opinions or conclusions contained in this report are those of the authors. They are 
not to be construed as necessarily reflecting the views or endorsement of the Navy Department. 


Received for publication, July 28, 1950. 
*Radioisotope Laboratory, Naval Hospital. 
TBiochemistry Division, Naval Medical Research Institute. 
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The ‘‘line of 50 per cent cutoff’’ is the observed lateral distance at which the counting 


rate is reduced to one-half the maximum observed if the sample was placed opposite the 


shield port. 
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Fig. 1. 


distance) i.e., 40, 90, 120, or 150 millimeters. 


Study of Ga?2 in Phantom.—The purpose of this phase of the investigation was t 
study the methods which were being used clinically and to evaluate their significance ul 
der controlled laboratory conditions. 
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A simulated human torso was made by filling a wooden box (60 em. by 52 em. by 
24 em.) with hulled rice (sp. gr. 0.825). To the rice was added, by scattering through 
the mass, a water solution of Ga72, The rice was then thoroughly mixed. A concentration 
of 0.07 to 0.08 ue Gaz2 per iiter of rice gave a count of 1,200 to 1,500 counts per minute 
at a distance of 2 cm. from the surface. This approximates what had been obtained in 
surface counts of human beings who had been administered 300 to 400 we Gaz? intra- 
venously. The jacketed Geiger tube shown in Fig. 1 was used throughout these phantom 


studies. 
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Fig. 2. 


In order to give reproducible geometry, a steel rail arrangement was made so that 
the placement of the Geiger tube relative to the surface and center of the mass of the 
‘phantom’’ was constant. <A series of volumetric flasks from 10 e¢.c. to 2,000 ¢.c. were 
illed with a water solution having a concentration of Ga72 (microcuries per liter of 
water) from two to forty times the concentration of Ga72 (microcuries per liter of rice) 
ontained in the phantom. These flasks were prepared in order to simulate organs or 
structures of different sizes and having different concentrations of Ga72, 

In making a study of the effect of the counts obtainable at the surface of the rice, 
16 Geiger tube was successively placed at each of the five counting points (Fig. 3). When 
i satisfactory base line had been obtained, one of the flasks was buried in the rice beneath 
he center point. In each series the center of the mass of the flasks was located at some 
‘redetermined distance below the surface of the rice (4 or 9 em.). Counts were taken at 
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all five points across the surface of the rice after burying the flasks. In Fig. 3 is shown 


a graphic 


representation of the counts obtainable with various flasks containing Ga72 con- 


centrations five and twenty times the concentration of Ga72 in the body of the phantom. 


These findi 


counts / min. 


ngs are typical of the results obtained at other concentrations. 
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Fig. 3.—Influence of the size of the flask, the concentration of Ga™ therein, and position of the 


Geiger-Miiller tube on the observed counting rate. 


In Fig. 4 is shown graphically a résumé of the results of this phase of the study. 


In this fig 


ure is plotted the relative percentages of counts obtainable at the center point 


of the phantom plotted against the diameter of the flask containing various concentrations 
of Ga72, These findings indicate the counts obtainable at the surface are a function of 























RADIOGALLIUM AS DIAGNOSTIC AGENT IN BONE TUMORS 243 


both the size of the buried flask and the concentration of the Ga72 contained therein. 
There are factors in these findings which limit their usefulness, particularly in the smaller- 
sized flasks or at the lower concentrations of Ga72. When the counts over a buried flask 
do not exceed the background by more than 5 per cent, the significance of the result is 
questionable. 
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Fig. 4.—Relationship of the diameter of the flask, the concentration of the Ga™ therein, and 
the increased count obtained over these flasks in the phantom. 


To approximate the concentration or degree of localization in diagnostic studies with 
Gat?, the findings shown in Fig. 4 are of significant aid. The diameter and depth of the 
lesion can be estimated from x-ray films. By external counts over the body, using the 
Geiger tube described in Fig. 1, a series of counts will be obtained. If one determines the 
percentage of count over the lesion to be, for example, 115 per cent of the count over ad- 
jacent tissues and the diameter of the lesion to be 8 em., at a depth of 4 em., then, as an 
approximation, the concentration of Ga72 in the lesion is five times that in the surround- 
ing tissue. If the diameter of the lesion is 2 cm., at a depth of 9 em., and the observed 
count is 125 per cent of the general average, the concentration of Ga72 in the lesion ap- 
proximates forty times the general body concentration. Within limits the curves shown 
in Fig. 4 may be used to approximate the concentration in various lesions in human be- 
ngs, in cases of malignancies, 
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It is realized this indirect method of determining concentration of a chemical sub- 
stance in a specific location in the human body is only an approximation. It is, however, 
based on sound physical principles and seems to be the only means, short of biopsy, of 
estimating the concentration of this isotope in osteoid structures. More significantly for 
diagnostic procedures, these laboratory findings indicate that an increase of 10 to 20 per 
cent of counts over a localized area is evidence of marked localization of Ga72 in some 


structure beneath the surface. 


CLINICAL METHODS 


Selection of Cases.—The patients were primarily selected from those with proved 
malignancies, having x-ray evidence of new bone production, or metastatie lesions in bone. 
Later it was found that patients having localizing bone symptoms but without x-ray con 
firmation were also suitable for these diagnostic studies. 

Administration of Ga??.,—(Radiogallium (Ga72) was administered as a citrate complex 
(300 to 400 we) accompanied by 3.8 to 5.0 mg. carrier gallium, contained in 1 ¢.c. of solu- 
tion.5 The Ga72 citrate solution was measured in a lead-shielded tuberculin syringe? and 
injected into the rubber tubing of an intravenous infusion drip apparatus. The ante- 
cubital vein of the arm was used as the point of administration. The injection was made 
in one minute. No adverse local or 
to date. 


generalized reactions have been observed in any case 

Surface Counting.—Suitable points on the body of the patient were marked with in- 
delible ink. Posteriorly, these included twelve points, every 5 em. along the spine and 
two series of points laterally over the pelvis. Anteriorly points were marked as follows: 
two rows of six points, from each groin superiorly to the second intercostal space. Two 
additional points were located on the upper and lower points of the sternum. 

The Geiger tube (Fig. 1) was localized over each point at the surface of the body 
and a one-minute count recorded. By counterbalancing the jacketed tube, it was possible 
to maintain the end of the shield gently pressed against the skin surface. No undue dis- 
comfort to the patients resulted. 

The pattern of counting areas included forty points. Time of each series of counts 
required approximately one hour. Counts were made at three, ten, and twenty-four hours 
after the intravenous injection of the tracer dose of Ga72 (300 to 400 we). With this dose 
it was possible to obtain counts of 600 to 1,100 per minute at the skin surface of the pa 
tient three hours after administration of the Ga72, The background rate of the tube used 
is 7 to 9 counts per minute. In Fig. 5 are shown details of the results of a routine exam 
ination of a patient by this method (Case 8). 

The addition of counts, taken directly over the xyphoid process at 30 em. and 90 em. 
distances, each count for three minutes, was made in the last five cases of the series. This 
would tend to indicate the rate of concentration change in the trunk of the patient and act 
as a base line for comparison of concentrations within each localized area. The biologic 
half-life as determined by the method in the human patient is 12 to 13 hours. 

A significant aid in determining the areas of localization of gallium in various tis 
sues has been the determination of the relative increase of Ga72 during the three hour to 
twenty-four hour period after intravenous injection of the gallium citrate. 

The observed Geiger-Miiller count over a certain point at three hours after injection 
is taken as a reference value. The counts over this exact point at ten hours and twenty- 
four hours, when corrected for decay to the three hour time (T,, 14.3 hr.), will indi 
cate whether there has been an increased deposition of gallium in the structures beneath 
the counting point. 

In many normal tissues the amount of gallium will decrease, as indicated by the fore 
going calculations. However, in many areas of bone involvement there is a marked in- 
crease in deposition of gallium, as indicated by the external counts, This fact has proved 
most significant in these diagnostic studies, 
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Fig. 5.—A, Anterior of body surface. B, Posterior of body surface. The pattern and 
record of the Geiger-Miiller counter rates per minute as made in Case 8. The time period 


of each count series is from the time of intravenous injection of the tracer dose. 
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RESULTS 


Case Histories—In Table I are shown the clinical findings and histories of 
the first eighteen patients, during the first seven months of the use of Ga”. Of 
this group, fifteen resulted in positive localization of significant metastatic or 
primary bone tumor areas, two gave negative results which are consistent 
with the limited clinical follow-up to date, and in one ease a small osteolytie 
lesion of the ischial spine was missed. 

Osteogenic Lesions —One primary bone tumor is ineluded in the series, 
an osteochondrosarcoma. This ease (Case 7), in a 39-year-old man, had been 
followed clinically for a period of more than eight years. During this time the 
patient had had three complete resections of the tumor and two courses of deep 
x-ray therapy.* 

Case 6 was that of a malignant degeneration of an area of myositis os- 
sifieans with a locally infiltrating osteogenic sarcoma. This young man, who is 
now 29 years of age, had received a course of prophylactic deep x-ray therapy 
for carcinoma of the testes. The areas of treatment included three over the 
lower abdomen and two areas in the lower half of the spine. The malignant 
degeneration apparently originated in the upper of the two posterior areas. 
Following a biopsy of the lesion, the skin failed to heal and at the time of the 
tracer study there was a large (15 em.), friable, bleeding, open area. For this 
reason, it was difficult to get exact counts over the different nodules and to 
position the patient as much as desired. The standard pattern of counting 
was modified. All palpable nodules gave significantly increased counting 
rates. A single isolated lesion on the anterior chest wall could be well studied 
and indicated a econeentration of Ga" of fifteen times that of the surrounding 
apparently normal tissue. This finding agrees well with what has been found 
in the other eases. 

The remaining cases of the osteogenic group consist of five carcinomas 
of the prostate. In general, these cases were collected as the original choice 
for study because the osteogenic nature of the lesion would make them most 
comparable to growing bone as determined from the animal studies. Signifi- 
cant localization was found in each of these five cases to be proportional to the 
lesions as indicated by x-ray examination. It was noted in Case 4 that while 
at the time of the study only one lesion had been localized by the tracer 
studies, follow-up x-ray films taken one month after the tracer study showed a 
beginning bone change in each of the two areas; the smaller of these two areas, 
in the ilium, was approximately 3 em. in diameter. Case 5, that of a 60-year- 
old man, had been followed for approximately four years as a fairly typical 





*The amount of bone proliferation as compared with the cartilage contained in the 
tumor mass was relatively small. Areas of increased G.M. counting rates were confined to 
these areas of bone production and were significantly higher than the counting rates of ad- 
jacent areas overlying cartilage. The general level of counting over the palpable tumor was 
lower than over the opposite area presumed to be normal. The repeated operations and two 
courses of x-ray therapy may have interfered with the blood supply to the area and prevented 
absorption and concentration. This is the only case in the series to date in which the count- 
ing rate over an area of a clinically suspected lesion or an area of x-ray change was decreased 
below the adjacent or opposite normal area. 
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-aget’s disease. Two years ago a positive diagnosis of carcinoma of the pros- 
tate was made. At the time of this study the Paget’s disease, which had been 
localized in the right pelvis and right femur, had changed very little. Seat- 
tered areas of well-cireumscribed osteogenic lesions, 1 to 2 em. in diameter, 
were found in the wings of both ilia and in the upper portion of the shaft of 
the left femur. It is believed on the basis of the prostatic tumor that this 
represents a separate condition of hone involvement of carcinoma of the pros- 
tate. The radiogallium seemed to localize and concentrate equally well in the 
lesions of both the Paget’s disease and the carcinoma of the prostate. 

Osteolytic Lesions—These eleven cases are all secondary metastatic lesions 
or strongly suspected metastasis in the presence of known carcinoma. The 
first case of this group which was studied was Case 8, a bronchogenic ear- 
cinoma. This patient had developed a large soft tissue tumor associated with 
an area of destruction of the proximal shaft of the left femur. The patient 
was approximately one year postoperative for the chest lesion and there was 
no evidence of a local recurrence. It was considered that if no other areas 
of metastasis could be localized, and none had been found by x-ray film study, 
the treatment of the area in the left femur might be more definitive and com- 
plete. Concentration and localization within the known area of metastasis 
was equally as good as in the most striking of the osteogenic lesions. The 
area went on to pathologie fracture, but in the past four months no evidence 
of other bony metastases have been found. The localization as found in this 
case encouraged us to try other osteolytic lesions. 

Case 9 was that of a 55-year-old man with gastric carcinoma. This patient 
had progressed from a symptom-free stage to that of an inoperable carcinoma 
of the stomach within three months, and within two months after the operative 
procedure, a total of five months, had at least four separate areas of metastases 
to the spine. The general progress of the patient was rapidly downhill, and 
there was marked jaundice as evidence of liver metastasis. Radiogallium 
Ga’? as concentrated in the liver was the lowest of any case of this series. 
The tracer study localized the known lesions well and in addition indicated 
possible involvement in the pelvis. 

Case 16, a 54-year-old white woman with carcinoma of the breast, had 
evidence of widespread bony metastasis at the time of her original operation 
more than one year ago. Hormone therapy with testosterone given over a 
period of approximately nine months had changed the bone lesions from mark- 
edly osteolytie to a significant osteoblastic quality. The hormone therapy was 
causing a considerable amount of nausea, vomiting, and other generalized 
symptoms. The bone pain as a result of this therapy had completely disap- 
peared and the patient experienced only a tired feeling after dding a con- 
siderable amount of housework. This therapy was therefore discontinued. In 
the following three months, the x-ray findings were seen to change from the 
osteoblastic quality into almost the original osteolytie quality. Because of the 
far-advaneed nature of the bone lesions, it was desired to use the Ga” tracer 
study as a method of determining areas of possible pathologie fracture. The 
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counting rate over all of the bony prominences was increased, with significant 
concentration within the lower spine and pelvis. Since the gallium study, the 
patient has had an increasing amount of bone pain to the extent that gallium 
therapy has been considered. The hormone therapy has been reinstituted in 
an effort to enhanee the concentration of the radiogallium. 

Included with the osteolytie lesions is a single case of multiple myeloma. 
This patient, Case 15, a 49-year-old white man, had a very recently diagnosed 
multiple myeloma. Although the lesions were of moderate size and wide- 
spread, there was only one area of collapse within the spine. A sternal marrow 
count showed approximately 50 per cent replacement with typical plasma cells 
and multinucleated plasma cells. Palliative x-ray therapy had been given over 
the area of the known collapse in the region of T,o. This had resulted in 
significant relief of bone pain. It therefore seemed consistent that an isotope 
was the logical means of therapy. The first choice was radiophosphorus (P*?). 
A tracer study with radiogallium was done at this time in order to avoid a 
delay in starting radiogallium therapy in case the radiophosphorous therapy 
was unsatisfactory. The results of this study were quite comparable to those 
seen in Case 3 of carcinoma of the prostate with generalized metastases and 
Case 16 of carcinoma of the breast. In the five-week follow-up period follow- 
ing P* therapy, a general improvement of the patient has been sufficient so 
that to date it has not been necessary to consider any other type of therapy. 

Urinary Excretion—The urinary exeretion in these eighteen patients has 
been studied in considerable detail. Each separate urine specimen voided by 
the patient during the first twenty-four hours of the study was radiometrically 
measured. In general the excretion pattern is similar to that of radioiodine 
[516 8: the principal amount exereted is within the first six hours after the 
dose. The rate of excretion rapidly drops after that period and is negligible 
after twenty-four hours. From Table I it ean be seen readily that in ear- 
cinoma of the prostate the amount of excretion is remarkably small. Osteo- 
genic lesions tend to retain more of the total amount of the tracer dose than 
osteolytie lesions. In the majority of the cases, the amount of Ga™ excreted 
is inversely proportional to the extent of bone involvement. However, in a 
significant number of cases the pattern and amount of Ga” excretion differ 
from the rest of the findings. 

Additional study of these differences indicated that a tracer dose of 300 
to 500 we of Ga is sufficient to get reasonably accurate counting rates during 
the time of measurement of the urine activity. The radiometric method has 
been checked in a number of cases against the total amount of carrier gallium 
as excreted in the urine and determined by chemical methods.’ The agreement 
between the two methods is sufficient to indicate the practical accuracy of the 
radiometric method. 

The frequency and the total amount of urine voided seem to have an effect 
on Ga* exeretion. In relative polyuria with amounts of urine over 3,000 ¢.e. in 
twenty-four hours, there tends to be an increased excretion of gallium. 
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SUMMARY AND CONCLUSIONS 


Geiger counting techniques applied to the skin surface of human beings have 
) citrate in 


79 


been shown to be useful for the localization of radiogallium (Ga? 
osteoid structures. 

Intravenous tracer doses of Ga‘ citrate have been selectively concentrated in 
the osteoid lesions, both osteogenic and osteolytie, in fifteen of eighteen cases of 
primary and secondary bone malignancies. 

Concentration of Ga‘? in malignancies involving bone approaches twenty 
times that found in the adjacent bone. 

Early metastases to bone have been identified through the use of tracer 
amounts of Ga‘ before changes could be identified by x-ray film study. 


The authors wish to acknowledge the assistance of the personnel of the Radiation 
Technology Division, NMRI, for the preparation and standardization of the radiogallium 
samples, and of H. Friedman, Department of Optics, Naval Research Laboratory, for his 
assistance in the design and construction of the special Geiger tube and shield. 
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CRYOGLOBULINEMIA 


Ill. INFLUENCE OF A CRYOGLOBULIN ON THE SUSPENSION STABILITY 
AND SEDIMENTATION RATE OF ERYTHROCYTES 


— 


4. Huau Luckey, M.D., Euuta Russ, B.S., AND Davin P. Barr, M.D. 
New York, N. Y. 


HE stability of erythrocytes in suspension in plasma or other fluids depends 

upon their degree of aggregation and upon the colloidal state of the fluid 
in which they are suspended. In serum and plasma, the concentration of 
fibrinogen or its components and of globulins has been found to be especially 
infli:ential but the effect of individual proteins is only partially understood. The 
isolauon in our laboratory of a chemically pure, apparently homogeneous eryo- 
protein’ from a patient with myeloma? offered an unusually favorable oppor- 
tunity to evaluate the influence of a single factor upon the suspension stability 
and sedimentation rate of red blood cells. 

The patient from whom the protein was obtained was a man 58 years of 
age who suffered from sensitivity to the cold, Raynaud’s phenomenon, bleeding 
from mucous membranes, retinal hemorrhages, progressive deafness, and ar- 
thritis, a combination of symptoms which were thought to be attributable at 
least in part to the presence in his circulating blood of a cold precipitable pro- 
tein in the remarkably high concentrations of 5.4 to 9.8 Gm. per cent. 


OBSERVATIONS 


Gross alteration in the suspension stability of erythrocytes characterized 
the blood of this patient. Indeed, it was the abnormal behavior of his blood 
in the performance of routine examinations which provided an early clue to 
the diagnosis of multiple myeloma and eryoglobulinemia. 

Venipuncture was easily performed but withdrawal of blood through rou- 
tine needles of size 20 was difficult because of rapid clogging. It was found 
necessary to warm the syringe to 50 to 60° C. and to use a No. 18 needle. The 
blood collected under these circumstances was discharged into a receptacle in 
a water bath at 37 to 40° C. and allowed to clot at this temperature. Subse- 
quently until serum was separated the blood was maintained at 37° C. Blood 
withdrawn directly into pipettes for red blood counts, hemoglobin, ete., was 
frequently found to ‘‘jell,’’ thus preventing the usual technical procedures 
or impairing their accuracy. 

Striking abnormalities were noted in the behavior of blood collected in 
the presence of anticoagulants. Although with different anticoagulants these 
varied in degree and in the time interval before development, the pattern was 
always similar. At room temperature there could be noted, within ten minutes 
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after collection in potassium oxalate or Heller-Paul mixture, a marked sedi- 
mentation of the cellular elements in the collection bottle with opalescent grayish- 
white particulate material as precipitate which could be distributed over the 
sides of the bottle by shaking. Agglutination of the formed elements gave an 
appearance of ‘‘red sand.’’ Similar behavior was observed with heparin or 
oxalate as the anticoagulant, and in defibrinated blood. With sodium citrate 
at room temperature the appearance of the phenomenon was delayed for a 
period as long as one hour and therefore permitted observation of blood sedi- 
mentation. When blood containing sodium citrate was maintained after with- 
drawal at 37° C., the macroscopic appearance of agglutination and opalescent 
precipitation did not occur during the period of observation. 

In oxalated blood a small amount of precipitate could be observed even 
at 37° C. and on centrifugation at this temperature appeared in varying amounts 
between the layers of plasma and red blood cells. This was observed consistently 
when hematocrit tubes were spun in a large 37° C. incubator by a centrifuge 
which varied slightly in temperature during the procedure. In bottles of 
oxalated blood maintained at 37° C. there was rapid sedimentation of the cells 
with grossly homogeneous supernatant plasma. In many instances the rate of 
gross sedimentation was so rapid in the blood bottles that the phases of ag- 
gregation, rapid sedimentation, and packing could be followed clearly in the 
course of twenty to thirty minutes. These observations suggested the following 
studies. 

A. Gross and Microscopic Appearance of Oxalated Blood at Room Tempera- 
ture.—Blood was collected in potassium oxalate anticoagulant (10 mg. to 10 
c.c. blood). At 26° C. there was gross alteration of the physical character 
which on first inspection resembled autohemagglutination but on further ob- 
servation was shown to be quite dissimilar. 

Opportunity was presented to compare the characteristics of this blood 
with those of a patient who had developed the phenomenon of cold agglutination 
and autohemagglutination from an unknown cause and in the extraordinary 
titer of 1:1,000,000. No eryoprotein could be demonstrated in her plasma. 
Microscopie and photographie examination revealed that the phenomena of 
aggregation of red blood cells were entirely different in the two instances. The 
differences are shown in Fig. 1. 

The abnormality in the blood of the patient with cold agglutinins but no 
eryoglobulins was easily identified as autohemagglutination with diffuse clump- 
ing of red cells and no precipitate formation. In the patient with eryoglobulin- 
emia but no cold agglutinins, the apparent agglutination or ‘‘red sand’’ appear- 
ance at room temperature was shown to be due to the precipitation of eryo- 
globulin with physical enmeshing of red cells and mechanical approximation 
of red cells by the precipitate and was regarded as pseudoagglutination. Under 
the microscope at room temperature three distinct physical states were observed 
to occur in the oxalated blood from the patient with eryoglobulinemia. (1) 
Aggregates of red cells in the midst of the eryoglobulin precipitate, (2) rouleaux 
formation in juxtaposition to the masses of eryoglobulin precipitate, and (3) 
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normally distributed cells at variable distances from the area of eryoglobulin 
precipitate. On warming the slide to body temperature and above, there was 
loss of the appearance of agglutination and disappearance of the eryoglobulin 
precipitate. 





| 2 3 


Fig. 1.—Comparison of drops of blood with Heller-Paul solution as an anticoagulant. 
aaa 2. Blood with cold agglutination titer of 1:1,000,000. 8. Blood containing cryoglob- 

B. The Effect of Dilution on the Gross Appearance of the Blood —Oxalated 
blood from our patient was diluted with normal saline and observed on a slide 
for the characteristic ‘‘red sand’’ appearance. 

1. With 1:2 dilution the appearance of precipitate formation and red blood 
cell aggregation was entirely similar to that of the undiluted blood. 

2. With 1:4 dilution there was a very small amount of eryoglobulin pre- 
cipitate with approximately proportional diminution in the red blood cell 
aggregates. 

3. With 1:6, 1:8, and 1:10 dilutions there was no precipitate and aggregates 
of red blood cells were no longer evident. 

This behavior was in striking contrast to that of the plasma of the patient 
with cold autoagglutination where the red blood cells were still aggregated 
with dilutions of a million parts with normal saline. 

C. Sedimentation Rate—The abnormalities which have been mentioned 
were gross alterations in the suspension stability ordinarily estimated by ob- 
servation of the sedimentation rate. An effort was made to determine the effect 
of the abnormal globulin on the sedimentation rate. Wintrobe tubes were used 
and observations made by the single one-hour reading technique and by multiple 
readings at five-minute or shorter intervals to determine the rate of fall during 
the period of constant fall by the Rourke-Ernstene technique.* Potassium 
oxalate (10 mg. to 10 e.c. blood), Heller-Paul mixture (10 mg. to 10 ¢.e. blood), 
sodium citrate (1 ¢.c. 3.8 per cent to 10 ¢.c, blood), defibrination and heparin 
were used for anticoagulation. Observations were made in most instances at 
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both 37° and 25 to 26° C. Exact observations with potassium oxalate were not 
possible either at room temperature or at 37° C. because of the rapid pseudo- 
agglutination. With sodium citrate the delay in precipitation permitted study 
both at room temperature and at 37° C. 

1. For control, observations with both oxalate and citrate were made on 
the blood of normal subjects to determine the effects of temperatures ranging 
from 26° to 37° C. The results were in agreement with previously reported 
studies of Plass and Rourket and Ham. Increase in the environmental tem- 
perature from 26° to 37° C. accelerated sedimentation by 15 to 20 per cent. 
Sodium citrate as the anticoagulant was found to retard sedimentation slightly 
and to decrease the hematocrit by dilution. 
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Fig. 2.—-Sedimentation rate in cryoglobulinemia. ————, Patient P. I., male, C.S.I._ (cor- 
rected sedimentation index) =1.0 mm. per minute. o—o—o, Normal female subject, C.S.1.=0.3 
mm. per minute. A—A—A, Patient B.P., male, C.S.I.=1.0 mm. per minute. —-—-—, Patient 


aa subject, CSL. 1.5 mm. per minute. ¢@-¢-¢, Patient J.R., male, 2.0 mm. per 
minute, 

2. The sedimentation rate was determined on five patients with cryo- 
globulinemia, one with Grade I, two with Grade II, according to the classification 
of Lerner, Barnum, and Watson,° and the other two patients with large amounts 
of eryoprotein. It was found to be markedly increased in all instances. The 
characteristic feature was a rapid phase of aggregation with a steep curve of 
precipitous sedimentation during the period of constant fall. 

3. More detailed observations were made on the blood of one of the patients 
with large amounts of eryoprotein as follows. 

(a) Very marked acceleration of the corrected sedimentation rate was 
observed with citrate both at room temperature and at 37° C. and with all 
anticoagulants at 37° C. The rapidity of fall or sedimentation of the cells was 
so marked as to present an excellent opportunity for observation of the three 
phases of sedimentation defined by Fahraeus.* First there was gross horizontal 
aggregation of cells in masses which in citrated blood was not accompanied by 
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grossly visible precipitate. In oxalated blood at room temperature prompt 
‘‘Jelling’’ occurred but usually there was slight settling of 1 to 2 mm. at the 
top of the column. At 37° C. “‘jelling’’ also occurred occasionally, but usually 
the phase of aggregation could be observed and its association with some pre- 
cipitate of protein could be demonstrated. In citrated blood following the 
ageregation phase there was clearly visible descent of the aggregates of red 
cells with rapid clearing of the supernatant plasma. This corresponds to the 
period of constant fall. The phase of packing was normal in appearance except 
for the lower part of the layer of eryoglobulin where red blood cells were en- 
meshed. The eryoglobulin layer could be identified as intermediate in density 
compared to red and white cells. 
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Fig. 3.—Effect of fibrinogen removal on sedimentation rate in cryoglobulinemia. Solid 
line, citrated blood, Patient P.I., C.S.I.=1.0 mm. per minute. Broken line, defibrinated blood, 
Patient P.I., C.S.I1.=0.15 mm. per minute. 


(b) To determine the influence of factors intrinsic in the red cells upon 
the inereased sedimentation rate, the cells were washed twice in saline and 
resuspended in various liquids. In plasma from a normal person with a 
homologous blood group (QO) the sedimentation rate equaled that of the fall 
of the normal person’s cells in this plasma. Suspension of the washed cells of 
our patient in normal saline resulted in no fall in one hour. Washed cells from 
four other patients exhibited no fall in one hour when suspended in normal 
saline. Suspension of the cells of our patient in 0.85 per cent eryoglobulin 
solution in saline resulted in a slightly more rapid fall than was observed when 
a normal person’s cells were suspended. The fall, however, was of small magni- 
‘ude and did not exceed 8 mm. in one hour. The discrepancy may be explained 
by retained eryoglobulin on the surface of cells of our patient even after they 
iad been washed twice in saline. 

It was concluded that the increased sedimentation rate was not due to 
intrinsic properties of the red blood cells. 
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(ce) To determine the effect of the fibrinogen content of the plasma the 
sedimentation rate was determined on defibrinated blood. The specimen was 
collected in a warm syringe and was maintained at 37° ©, during defibrination 
with glass beads and filtration through a gauze square. Sedimentation rates 


‘ 


were observed at both 26° and 37° C. The gross amount of eryoglobulin pre- 
cipitate was unchanged by the defibrination and the sedimentation rate was 
markedly elevated above the normal values quoted by Ham‘ for defibrinated 
blood. The fibrinogen content of the plasma on the day of the determination 
was 0.89 Gm. per cent. This elevation of the plasma fibrinogen level was con- 
sidered artificial and the result of relatively small amounts of eryoprotein which 
were precipitated during fibrin removal. 
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Fig. 4.—Effect of removal of cryoglobulin from plasma on sedimentation rate. Solid 
line, homologous group cells in plasma supernatant (cryoglobulin-free), C.S.1.=0.6 mm. per 
minute. Broken line, homologous group cells in unaltered plasma, C.S.I.=1.3 mm. per minute. 

It was concluded that the elevated sedimentation rate is due, at least in 
part, to factors in the plasma other than fibrinogen. 

(d) To determine the importance of various plasma factors other than 
fibrinogen on the sedimentation rate, plasma was obtained from the patient by 
the usual technique and separated cells were then resuspended in 1:2, 1:4, and 
1:8 dilutions of plasma in normal saline. 

The rate of fall was compared to that of cells suspended in unaltered plasma 
There was a marked acceleration of the corrected rate in the 1:2 dilution oi 
plasma, some retardation in the 1:4 dilution, and marked retardation in th 
1:8 dilution. Control of cells suspended in normal saline resulted as befor 
in no sedimentation. With a 1:2 dilution of plasma, the sedimentation was 
complete in fifteen minutes. This effect, which may be attributable to a decreas: 
in the viscosity, was disproportionate to the effect of similar dilution on th 
rouleaux-producing factor in the plasma. The influence of marked dilution as 
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in the 1:8 mixture on rouleaux or aggregate formation is well known.’ Normal 
blood with a corrected sedimentation rate of 3.5 mm. per hour did not show a 
similar acceleration of sedimentation with a 1:2 dilution of the normal plasma 


and resuspension of the cells. 


There was marked retardation of fall with all 


dilutions of the plasma in normal blood. 

It was concluded that a factor was present in the plasma which accelerated 
the sedimentation rate in undiluted blood and which exhibited acceleration 
initially with low dilutions and retardation with higher dilutions. 
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Fig. 5.—Effect of addition of cryoglobulin to normal plasma. Solid line, normal blood 


as control, C.S.I.=0.15 mm. per minute. 
plasma, C.S.1.=0.35 mm. per minute. 


Proken line, normal blood with cryoglobulin added to 


(e) To determine the effect on the sedimentation rate of the removal of 
cryoglobulin from the plasma, washed red cells of the homologous group were 
resuspended in citrated plasma from our patient. There were two groups of 
observations. A portion of the cells was suspended in unaltered plasma con- 


taining eryoglobulin. 


Another portion was suspended in plasma from which 


cryoglobulin had been precipitated by storage at 5° C. overnight. The hema- 


toerits were the same. 


The corrected sedimentation rate of the blood cells 


suspended in plasma from which eryoglobulin had been removed was decreased 


by approximately 100 per cent. 


The sedimentation in the supernatant eryo- 


globulin-free plasma was still elevated above normal at a rate of 0.5 mm. per 
minute which may be compared with the upper limit of normal of 0.3 mm. per 
minute. This suggested that there remained in the plasma of our patient after 
eryoglobulin precipitation for twenty-four hours some other factor which 
accelerated the fall of erythrocytes. From other observations it is now con- 
sidered probable that complete cryoglobulin precipitation had not occurred 


at the end of twenty-four hours. 
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It was concluded that the removal of cryoglobulin from plasma resulted 
in a significant decrease in the corrected sedimentation rate of resuspended cells. 

(f) To determine the effect on the sedimentation rate, cryoglobulin was 
added to normal blood. Beeause of its insolubility in normal saline it was 
necessary to use an aqueous solution of eryoglobulin for these observations. 
The eryoglobulin used in this experiment was obtained by precipitation at 9‘ 
re-solution in dilute saline and repeated cold precipitation, dialysis, and finally 
solution in distilled water. Electrophoretic study revealed a mobility re- 
sembling a gamma globulin. Unfortunately the specimen used migrated with 
a slight asymmetry of boundary suggestive of an impurity. This asymmetry 
was not evident in samples from this same patient studied at a later date.’| For 
this reason the data presented in this portion of this report cannot be considered 
the result of the addition of a homomolecular protein. The addition of 0.2 c.c. 
of a 1.3 per cent aqueous solution of eryoglobulin to 2 ¢.c. of normal oxalated 
blood resulted in an approximately 100 per cent increase over the control in 
which 0.2 ¢.c. of distilled water had been added to 2 ¢.c. of the same blood. The 
dilution resulted in no visible hemolysis. 

It was concluded that the simple addition of eryoglobulin to normal blood 
profoundly affected the sedimentation rate. 


DISCUSSION 

It has long been recognized that the suspension stability and sedimentation 
rate of erythrocytes are affected by the protein content of the suspending fluid. 
Karly work by Fahraeus® demonstrated that of the serum proteins albumin 
exerts relatively little effect, while the presence and concentration of fibrinogen 
and the globulins are more influential. If the complexity of the blood plasma 
as a colloidal solution is considered, it would be remarkable if there were not 
many mechanisms for alteration of the suspension stability of the red cells. 
All plasma proteins can be considered to have variable effects with varying con- 
centrations. Furthermore, the plasma lipid, the electrolytes, and specifically 
the hydrogen ion concentration must be of some importance in the control of 
interfacial tension between the cells and suspending medium. Emphasis has 
been placed on fibrinogen as the most important factor, the relationships of 
which were defined by Ham and Curtis’ and Plass and Rourke.‘ It later be- 
came apparent, however, that the sedimentation rate occasionally varied in- 
dependently of the concentration of fibrinogen as ordinarily determined and 
that profound acceleration in the fall of erythrocytes might oceur with grossly 
normal fibrinogen values. This raised the question whether the protein fibrino- 
gen itself was the most significant agent or whether some substance of lesser 
concentration which was precipitated with fibrinogen in the usual methods of 
analysis might be responsible. The work of Morrison, Edsall, and Miller’® has 
indicated the probable complexity of the fibrinogen fraction of plasma. In 
their subfraction I, they discovered a cold precipitable substance. They suggest 
that this may be identical with I. R. Morrison’s contractinogen," a protein which 
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was precipitated by cold, redissolved by warming, and was thought by the 


author to exert a determinant influence on sedimentation rate of erythrocytes. 
The property of cold precipitability possessed by these proteins might suggest 
that they are closely related to the eryoglobulin with which we have been con- 
cerned. Little is known about the properties of I. R. Morrison’s contractinogen, 
but the protein of Morrison, Edsall, and Miller appeared electrophoretically to 
be a beta globulin while our protein had properties resembling a gamma globulin. 
Furthermore, the molecular weight of their protein was much greater than the 
approximately 190,000 indicated for ours. 

Whatever may be the effect of fibrinogen and related substances, it is well 
known that hyperglobulinemia is usually if not always accompanied by accelera- 
tion of the sedimentation rate and by striking abnormalities in suspension sta- 
bility. Multiple myeloma, the disease in which increase in globulin concentra- 
tion in the serum is most marked, is so frequently accompanied by rouleaux 
formation, appearance of ‘‘red sand,’’ pseudoagglutination, and increased sedi- 
mentation rate that these phenomena have been useful in its clinical recognition. 
With hyperglobulinemia the factor most obviously affecting the suspension sta- 
bility of the blood is the aggregation or agglutination of the cells. Although the 
relation of high globulin content to these abnormalities is very evident, there is 
no strict proportionality between the two. Furthermore, apparently similar 
changes in the agglomeration of red blood cells and accelerations of sedimentation 
rate occur in cases of auto-, cold- and iso-agglutination in which an abnormal 
globulin is known to be present but in amounts so small as to escape detection 
by ordinary chemical methods of analysis. Furthermore, the influence may be 
of such potency that as in the ease previously mentioned in this paper the 
agglutination can still be produced by a serum that has been diluted a million 
times. 

In considering the behavior of the blood from our patient a number of 
factors must be taken into account. The serum contained a protein which had 
the remarkable property of spontaneous precipitation and which was present 
in the extraordinary concentration of 5 to 10 Gm. per cent. The protein was 
very viseid with a measured relative viscosity of 1.156. Electrophoretic analysis 
disclosed the presence in the plasma after the eryoglobulin had been removed 
of two other abnormal proteins with peaks at M and M, in amounts respectively 
if 0.36 to 0.26 and 0.33 to 1.14 Gm. per cent. By the usual method of analysis 
the fibrinogen content of the plasma was within normal limits on one occasion 

nd elevated on another. 

In the behavior of the undiluted blood the spontaneous protein precipitate 
layed a predominant role. It was visible in some specimens even at 37° C. 
ind Was massive at room temperatures. At 26° C. it enmeshed and mechanically 

velomerated the erythrocyte and presented the appearance of jelling or pseudo- 
velutination. In some instances this phenomenon contributed to an extremely 
rapid sedimentation rate while in others the jelled column offered mechanical 
npedence to the settling of red blood cells. 














262 LUCKEY, RUSS, AND BARR 


Precipitation of protein and red blood cell aggregation did not appear to 
be influenced inordinately by dilution of the blood with an equal volume of 
normal saline. They were, however, greatly diminished with fourfold dilution 
and disappeared completely when the blood was diluted six times or more with 
the salt solution. Removal of the influence of precipitation, however, did not 
establish normal sedimentation rates. 

Throughout the experiments it was evident that the acceleration of sedi- 
mentation rate did not depend entirely upon precipitation of protein and 
agglomeration of cells. It was evident at 387° C. where precipitation was 
minimal. It was still apparent when blood was diluted beyond the point of 
visible agglomeration of red blood cells. The residual effect could be attributed 
in part to the presence of the viscid eryoglobulin in solution, an inference which 
was supported by the 100 per cent increase in the sedimentation rate when rela- 
tively small amounts (0.13 Gm, per cent) of eryoglobulin were added to normal 
blood. That it may not have been the only factor in the blood of our patient 
was indicated by the moderate elevation in sedimentation rate which persisted 
after the removal (twenty-four precipitation) of crvoglobulin from the plasma 
and which might have been due to the presence of other abnormal proteins 
(M and M,) or to abnormalities in the composition of the fibrinogen fraction. 

It is not remarkable that a globulin, and particularly one of such great 
viscidity, should exert an influence upon the sedimentation rate and suspension 
stability of the red blood cells. It is of particular interest, however, that our 
eryoglobulin approached chemical and physical homogeneity so closely and that 
its effect could be studied as a single variable, a rare circumstance since most 
proteins because of difficulties inherent in methods of separation cannot be 
isolated in so near the homomolecular state. The spontaneous precipitation of 
the eryoproteins offers unusual opportunity for the separation and isolation 
of proteins. Extremely preliminary observations recorded in this paper indi- 
eate that other eryoproteins in much smaller concentration may exert a quali- 
tatively similar action on the sedimentation rate and suggest the desirability 
of more extensive studies on this group of substances. 

Before concluding, a note on the method of estimation of the sedimentation 
rate may be warranted. If one examines the three sedimentation curves in Fig. 
3, it is apparent that performance of the test on citrated blood at room tempera- 
ture with only a one-hour reading would indicate a corrected sedimentation 
‘ate by Wintrobe technique of 10 to 11 mm. per hour because of the correction 
for hematocrit. The obviously bizarre sedimentation of this blood made this 
form of recording grossly erroneous. Inspection of the curve of fall by the 
Rourke-Ernstene technique reveals a markedly elevated rate during the period 
of constant fall which has been regarded as of most importance. The error in 
the Wintrobe timing method has been pointed out previously by Ham? and is 
attributable to the inclusion of a period of packing in the one-hour observation 
It can introduce significant error in the study of blood with low hematocrit 
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reading, It suggests that if a single reading technique is used, normal blood 
sedimentation rates should be determined for a thirty-minute single observation 
or for periods of both thirty minutes and one hour and these intervals used. 


; SUMMARY 


Marked disturbances in suspension stability and sedimentation rate of 
erythrocytes have been demonstrated in the blood of a patient with multiple 
myeloma and cryoglobulinemia. At room temperature and below, these are in 
part attributable to the spontaneous precipitation of the cryoglobulin and the 
mechanical aggregation of cells, but at 37° C. they are influenced by the pres- 
ence of the viscid abnormal protein in solution. The study has presented the 
unusual opportunity of examining as a single variable the effect of an abnormal 
protein which approached the homomolecular state on the suspension stability 
and sedimentation of red blood cells. 
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ELECTROPHORETIC CHARACTERIZATION OF SERUM 
RHEUMATOID ARTHRITIS PATIENTS 
ALLEN F. Rem, Px.D., Ropert M. Prke, Pu.D., S. Epwarp SuLKIN, PH.D., 
AND Howarp CC. CoGGESHALL, M.D. 
DALLAS, TEXAS 


LECTROPHORETIC analyses of the serum proteins in rheumatoid arthri- 
E- tis'* have shown a fairly consistent increase in the proportion of a- and 
y-globulins with a relative decrease in the albumin fraction. Dole and Roth- 
hard? making serial observations on a single patient and Paul and Routh* study- 
ing a number of patients found that these abnormalities decreased with clinical 
improvement. In addition to the changes previously reported, Wallis* observed 
the presence of a T or y, component in the sera of three out of four individuals 
with rheumatoid arthritis of slight to moderate activity. This component has 
been observed in horse antitoxic serum’ and probably also in normal human 
plasma.°® 

The serum in many eases of rheumatoid arthritis has also been shown to be 
abnormal serologically in that it markedly enhances the specific agglutination 
of sheep erythrocytes’"'* and the erythrocytes of some other species.'* Waaler’ 
found that the factor causing the agglutination of sensitized sheep cells was 
present in the globulin fraction. It was further shown by Rose and co-workers* 
that the factor could be demonstrated in the electrophoretically separated B-y- 
globulin fraction. 

In view of these electrophoretic and serologic peculiarities that have been 
found in rheumatoid arthritis serum, further observations seemed indicated in 
order to compare electrophoretic patterns with the capacity of serum samples 
to agglutinate sensitized sheep cells. 


METHODS 
Electrophoretic analyses were made on twenty samples of serum from a randomly 
selected group of sixteen patients with rheumatoid arthritis including one case of rheuma- 
toid spondylitis and one case of Still’s disease. A conventional Veronal buffer (pH = 
8.6)15 was used and the analysis was made with a Perkin-Elmer Model No. 38 Tiselius 
electrophoresis apparatus. Samples were diluted 1:4 and run for eighty-five minutes at 
5 milliamperes. 
RESULTS 
A survey of the patterns showed one with a very peculiar protein distribu- 
tion which could not be correlated with any of the others or any known clinical 
abnormality. The patterns of three others showed no atypical characteristic 
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One of these was the serum from the patient with Still’s disease and another 
was from the patient with rheumatoid spondylitis. In the remaining twelve, 
however, there appeared an abnormality in the descending boundary pattern 
which has no counterpart, as far as we have been able to determine, in any of 
the analyses we have made by the same method on more than eighty serum speci- 
mens from a variety of conditions. Nothing significant could be seen in the 
ascending boundary. Fig. 1 shows the descending boundary patterns of four 
of these sera, with a peak lying at the position of the B-globulin similar to that 
of the ‘‘B-anomaly.’’'® Table I summarizes certain clinical and laboratory 
data on all patients in relation to the presence or absence of the abnormal peak. 
No correlation between size of the peak and titer for sensitized sheep cells or 
sedimentation rate could be demonstrated. Nor was there any apparent relation- 
ship between the peak size and severity of the disease. 











Fig. 1.—Descending electrophoretic patterns of the serum of four patients with rheumatoid 
irthritis showing the abnormal peak at the position of the f-globulin. Veronal buffer, pH 8.6. 
From left to right, Patients M. B., W. C. S., J. H., and G. R. 


The inference which is drawn from the appearance of the abnormal peak 
is that it is caused by the interaction of parts of two of the globulin fractions, 
or parts of one of the globulin fractions and the albumin fraction, in the buffer 
solution, since no corresponding peak is found in the ascending boundary 
pattern. A somewhat similar situation is found from time to time with other 
sera in the so-called ‘‘B-globulin disturbance’’ or ‘‘8-anomaly’’!® mentioned. 
lig. 2 illustrates the B-anomaly in a typical pattern of a descending boundary. 
No corresponding abnormality is evident in the ascending boundary. One ex- 
planation advanced to account for this disturbance is that a combination of two 

or more) serum components occurs under the existing buffer conditions. This 
produces an extremely dense layer followed by a layer of sparsity, causing a 
leflection of the optical boundary both above and below the reference position. 
in the rheumatoid arthritis sera, however, the deflection is predominantly above 
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TABLE 1. SUMMARY OF CLINICAL AND LABORATORY DATA ON RHEUMATOID ARTHRITIS PATIENTS 
WHOSE SERA WERE EXAMINED ELECTROPHORETICALLY 





| l | TITER FOR DURATION | SEVERITY 
AGE | | SENSITIZED | | OF OF 
PATIENT | (YR. | SEX |SHEEP CELLS | E. S. R.$ | DISEASE DISEASE 
| GR. | 56 | F | 20 30 5 yr. | Mild 
| M.B. 62 | F 80 90 | 1 yr. Moderate 
| W.M. 52 | M 280 32 | 7 yr. | Moderate 
| J. . 16} F 640 32 3 yr. Moderate 
| W.C.S8. 56 M 640 48 6 yr. Marked 
Patterns showed ab- | B. M 68 F 160 42 4 mo. | Moderate 
normal peak at po- | M. E.C. 73 | F 10 22 10 yr. | Moderate 
sition of §-globulix| J. H. H. 62 F 20 24 6| 2 oF yn. Mild 
| L. L. D. 42 KF 20 21 | 8 mo. | Moderate 
W. W. A 0 F 80 17 6 mo. Mild 
JI.R.G 55 M 80 46 5 yr. Moderate 
E. A. 26 M 10 3 2 yr. Mild 
W.T.W.| 59 |] @ | 20 ;} 100 | d-yr. Marked 
Did not show the ab- | C. T.* 43 | M 40 | 65 | 12 yr. Moderate 
normal peak i Weae. | 70 M 640 117 2 yr. Marked 
R. G.+ | 12 M | 40 87 8 yr. Marked 


*Spondylitis. 
7Stili’s disease. 
tErythrocyte sedimentation rate in millimeters per hour (Westergren). 
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Fig. 2.—Descending electrophoretic patterns of normal serum (left) and serum showing the 
“B-anomaly” (right). Veronal buffer, pH 8.6. 


the reference position, indicating no region of sparsity and a qualitative dif- 
ference in serum reaction under the measurement conditions. This absence 
of a region of sparsity could also be occasioned by an overbearing fB-globulin 
concentration which, however, was not present in the rheumatoid arthritis sera 
examined. 
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Since the B-anomaly is not as likely to be observed when a phosphate buffer 
is used, analyses were made using phosphate buffer (pH = 7.4) on a rheumatoid 
serum which had shown the abnormality when tested with the Veronal buffer. 
The abnormal peak did not appear with phosphate buffer. 

















Fig. 3.—Descending electrophoretic patterns of three specimens of serum from Patient 
ii 7 * obtained (left to right) in April, 1949, June, 1949, and January, 1950. Veronal buffer, 
Electrophoretic patterns were taken on three serum specimens obtained 
from one patient over a period of nine months. During this time there was only 
slight improvement in clinical symptoms with gold therapy. Fig. 3 shows the 
patterns of the descending boundaries; it is noted that the abnormality persists. 


DISCUSSION 


The failure of Paul and Routh‘ or others to identify the abnormality ob- 
served in these cases of rheumatoid arthritis may have been due to their failure 
to differentiate it from a f-globulin component or from the conventional 
B-anomaly. In the use of certain modifications of the Tiselius apparatus em- 
ployed by many investigators the differentiation between a B-anomaly and these 
peaks might be missed readily. 

SUMMARY 

Electrophoretic examination of sera from rheumatoid arthritis patients 
showed a characteristic identifiable peak in the descending boundary pattern 
in twelve of sixteen cases studied. A similar abnormality has not been observed 
in numerous electrophoretic analyses of sera from a variety of other disease 
conditions. This peak, which is interpreted as being caused by a reaction of 
certain of the serum components in the presence of a barbiturate buffer at pH 
5.6, persisted almost unchanged for a period of nine months in one patient 
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; 

studied in which the clinical symptoms remained substantially the same. No 

explanation for the absence of this abnormal feature in sera from the two pa- ‘ 
tients with rheumatoid arthritis is advanced. Further studies are indicated 
to establish whether patients with rheumatoid spondylitis and Still’s disease 
fall within this category since serum from two such patients failed to show this 
abnormality. The frequency with which this abnormality occurs suggests that 

electrophoresis might be of some value as a diagnostic aid. 

No correlation of the area of the peak with the ability to agglutinate sensi- 

tized sheep cells or severity of the clinical symptoms was noted. | 

i 
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THE TREATMENT OF DICUMAROL-INDUCED 
HYPOPROTHROMBINEMIA IN MAN WITH EMULSIFIED 
VITAMIN K, ADMINISTERED INTRAVENOUSLY 


DonaLp M. Watkin, M.D., THropore B. VAN Irauuiz, M.D., 
WiuuiAM B. Logan, M.D., Ropert P. Geyer, Pu.D., 
CHARLES S. Davipson, M.D., AND FREpRICK J. STARE, M.D. 
Boston, Mass. 


II treatment of Dicumarol-induced hypoprothrombinemia in dogs with 

an intravenously administered emulsion of vitamin K, (2-methyl-3-phytyl-1, 
4-naphthoquinone) already has been described.!. This paper reports studies 
in the treatment of Dicumarol-induced hypoprothrombinemia in man_ with 
similar emulsions of vitamin K,. 


METHOD 


The emulsions used contained 50 mg. of vitamin K, per milliliter. One emulsion was 
prepared in this laboratory as described in a preceding paper.1 The other emulsion was 
prepared elsewhere.* Both emulsions gave similar results. The prothrombin timest of 
citrated blood were determined by the Link-Shapiro modification of the Quick method, 
using human thromboplastin.1 The emulsion was routinely injected intravenously through 
a No. 25 needle at a rate of administration which averaged 1 ml. per minute. 

Seven patients suffering from a variety of cardiac and vascular ailments who were 
being treated with Dicumarol in amounts adequate to increase their prothrombin times to 
levels ranging from 43 to 85 seconds were given the vitamin K, emulsion intravenously in 
doses of from 5 to 20 mg. per kilogram body weight or from 360 to 1,290 mg. per patient. 
Five patients received the emulsion in one injection and two patients in two equal injec- 
tions as shown in Table I. Prothrombin times were determined after injection of the 
emulsion at the intervals indicated in Table I. Dicumarol was discontinued after adminis- 
tration of the emulsion in all cases. 


RESULTS 

The essential data on each patient are recorded in Table I. A representative 
response to vitamin K, emulsion is shown graphically in Fig. 1. 

All patients with Dicumarol-induced hypoprothrombinemia showed a 
prompt decline in prothrombin time following administration of the vitamin K, 
emulsion. When a dose in the range of 10 to 20 mg. per kilogram was admin- 
istered, the prothrombin times of all the patients fell to 36 seconds or below 
in 120 minutes and to 30 seconds or below in five hours. Four of the six patients 
from whom fifteen-minute specimens were obtained showed a transient, usually 
slight, prolongation of the prothrombin time similar to the rise in prothrombin 
time observed in dogs." 
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+The prothrombin time in seconds may be translated into per cent of normal activity by 

eference to Fig. 1 where both scales are given on the ordinate. 
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TABLE I, THE EFFECT OF AN EMULSION OF VITAMIN K, GIVEN INTRAVENOUSLY ON THE 
PROTHROMBIN TIMES OF SEVEN PATIENTS WITH DICUMAROL-INDUCED 
HyPOPROTHROMBINEMIA 
VITAMIN K, PROTHROMBIN TIME IN SECONDS 

“MG. | MG. | 15 45 | 60 mifieis | 20 

PATIENT PER KG. | TOTAL |INITIAL | MIN MIN. | MIN. | MIN. HR. HR. HR. 
M. M. “10..~»=s 488 78 47 37 30 31 24 19 
W. M. 15 900 67 74 14 36 36 30 20 
J. D. (a) 20)? 1,000* 85 101 67 33 A Sad 20 21 
A. W. 5 360 66 65 45 42 36 26 25 
L. G. 20 t 1,290t 60 66 45 45 364 34 29 25 
J. D. (bd) 10 800 $3 33 31 31 at 25 
J. B. 10 650 51 a7 40 31 28 24 
Controlt 0 0 60 62 59 

*Divided dose—500 mg. initial, 500 mg. at two hours. 

+Divided dose—645 mg. initial, 645 mg. at one and one-half hours. 

tLast dose of Dicumarol given twenty-four hours before initial prothrombin determina- 
tion. 


in ninety minutes, 36 seconds in two hours, and 26 seconds in five hours. 
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Figure 1. RESPONSE OF THE PROTHROMBIN TIME 
TO EMULSIFIED VITAMIN K, GIVEN LV. TO 
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One patient with a prothrombin time of 66 seconds received 5 mg. ot 
vitamin K, per kilogram. His prothrombin time subsequently fell to 42 seconds 


No 


rise in prothrombin time was noted at fifteen minutes in this instance. 
Of the seven patients who received the vitamin K, emulsion intravenously, 


only one showed an untoward response. 


This was in an elderly patient (W. M.) 


who displayed flushing of the face and neck accompanied by a transient rise 


in blood pressure. 


The reaction occurred after the administration of 0.8 ml. 
of the emulsion and rapidly disappeared. 
preparation were given without further difficulty. 


Subsequently 17.2 ml. more of the 
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Unlike the prothrombin times in dogs, which fell promptly to control levels 
within three hours, the prothrombin times in these patients displayed only a 
partial recovery in the same interval. After an initial rapid fall to the 28 to 
36 second range within 120 minutes, the prothrombin times declined more 
slowly to a range of 20 to 29 seconds at the five-hour mark. Thereafter the 
return to levels found in normal individuals was gradual. 

In two subjects a second injection of vitamin K, emulsion, given after the 
rapid initial drop in prothrombin time, failed to accelerate appreciably the rate 
of return to normal values. 

DISCUSSION 

These studies indicate that Dicumarol-induced hypoprothrombinemia ean 
he altered toward normal more quickly and conveniently in man by the intra- 
venous administration of 5 per cent vitamin K, emulsion than by methods previ- 
ously reported in which similar or greater quantities of vitamin K, in a highly 
dilute suspension were used.? Doses of vitamin K, ranging from 5 to 20 mg. 
per kilogram of body weight lowered the prothrombin time from prolonged 
values to values which fell within the 28 to 36 second range in approximately 
120 minutes. 

As previously pointed out,’ emulsions of vitamin K, offer distinet ad- 
vantages over other techniques for administering this material. The action of 
the preparation is more rapid, and it can be given conveniently by syringe in 
accurately measured quantities without tedious preparation. At this time little 
is known about the stability of these emulsions except that emulsions of vitamin 
K, prepared in this laboratory and kept at room temperature out of the light 
are stable and usable after four months. 

The cause of the initial rise in prothrombin time observed in some instances 
is not known. The species difference between dog and man as evidenced by 
man’s failure to display the same rapid return to a normal prothrombin time 
as was reported for the dog’ also is unexplained. It is possible that in man, 
factors involved in prothrombin production other than vitamin K are altered 
by Dieumarol therapy, and that these remain uninfluenced by vitamin K, 
administration. 

SUMMARY 


A 5 per cent emulsion of vitamin K, for intravenous administration was 
suecessful in reversing Dicumarol-induced hypoprothrombinemia in seven pa- 
tients and converting prothrombin times of 438 to 85 seconds to times of 28 to 
36 seconds in 120 minutes and 20 to 30 seconds in five hours. This preparation 
acts more rapidly and is more convenient to use than the dilute suspensions 
previously recommended. 
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THE EFFECT OF BENEMID ON PLASMA PENICILLIN LEVELS 


Joun F,. Waupo, M.D., AND JEANNE T. Tyson, B.A. 
SaLtt Lake City, UTAH 


INCE the advent of widespread penicillin therapy, it has become evident 

that some method of enhancing the concentration of penicillin in the blood 
would represent a therapeutic advantage. Because it is well known that about 
80 per cent of excreted penicillin is secreted through the renal tubules, it would 
be desirable to find some safe method to interfere with this tubular mechanism. 
Diodrast’ 2? and para-aminohippurie acid®* when administered by continuous 
intravenous drip block tubular secretion of penicillin. It is impractical, how- 
ever, to use drugs requiring intravenous administration when sustained effects 
are needed. Benzoie acid®:* and ecarinamide™'! when administered orally also 
are effective but have certain disadvantages which will be discussed later. 

Recently, a new compound p-(di,n-propylsulfamyl) benzoic acid with the 
proprietary name of Benemid* has been released for clinical trial. The pharma- 
cologie properties of this compound have been extensively investigated by 
Beyer and associates.'2, They have demonstrated that the compound is rapidly 
absorbed from the bowel and that therapeutic doses in experimental animals 
produce neither systemic nor renal toxicity. In experimental animals, this ecom- 
pound is effective in enhancing the plasma levels of penicillin, P.A.H., phenol 
red, and certain other related compounds. Recently Boger, Gallagher, and 
Pitts'* demonstrated a consistent elevation in plasma penicillin levels in human 
beings on doses of Benemid averaging about 2 Gm. a day. 

Because of the apparent advantage of this drug over carinamide and the 
obvious therapeutic value of some substance which would enhance penicillin 
concentrations, further clinical trial seemed warranted. The present study, 
therefore, is designed to demonstrate the effect of Benemid on plasma penicillin 
concentrations in the human subject as well as to consider possible toxic effects 
of this drug during prolonged administration. 


PLAN OF INVESTIGATION 


Fifteen subjects selected from ward admissions to the Salt Lake County General 
Hospital were studied. All subjects were below the age of 45 and none showed evidence 
of renal disease either by history or by examination. All patients received aqueous 
crystalline penicillin G intramuscularly at eight-hour intervals. In most cases the dose 
was 200,000 units per injection. Because one occasionally encounters some increase in the 
plasma penicillin levels after the first twenty-four hours of penicillin administration, 
control levels were never determined on the first day of penicillin therapy. Benemid was 
administered orally in varying doses and at varying time intervals. During both the 
control and the experimental periods, plasma penicillin levels were determined at one, 
three, five, and seven hours after administration of penicillin, 
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*Benemid (p-(di, n-propylsulfamyl) benzoic acid) was furnished through the courtesy of 
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RESULTS 


Four patients received a single dose of 1 Gm. and one patient received a 
single dose of 1.5 Gm. of Benemid, one hour before penicillin administration. 
The results are summarized in Table I and Fig. 1. All but one patient showed 
some elevation in plasma penicillin levels as compared with those found before 
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Fig. 1.—The effect of a single dose of Benemid administered orally one hour before penicillin 
injection. Hours indicate time after the penicillin injection. 


magnitude. The effect was most pronounced in the levels taken at five and 
seven hours. This suggests that Benemid is rapidly absorbed and that some 
degree of tubular inhibition is achieved promptly. No patient suffered any 
discomfort from this dose even though it was administered before breakfast. 


Benemid was given, although in general this increase was not of any great 
DS ’ Do Do e z 


TABLE I. EFFectT OF A SINGLE DOSE OF BENEMID ON PLASMA PENICILLIN LEVELS 
































BENEMID "LEVELS FOLLOWING 
AGE DOSE PENICILLIN CONTROL LEVELS BENEMID 
SUBJECT |} (YR.) (GM.) DOSE 1 HR.| 3 HR.| 5 HR.| 7HR.| 1 R.| 3 HR.| 5 HR.| 7 HR. 
B. K. 24 1.0 100,000 | 0.37 0.06 0 0 | 0.75 0.09 0 0 
va ig 19 1.0 200,000 3.0 037 0 Oe | 30: aa Le eas 
B. K. 24 1.5 500,000 4.0 0.37 0.04 0 | 4.0 0.75 0.12 0.09 
A. P. 21 1.0 200,000 0.5 0.37 012 0 | 1.0 0.5 0.12 0.06 
M. P. 22 1.0 200,000 10 0.37 0.25 0.04] 1.0 0.75 0.25 0.12 





Seven patients received multiple doses of Benemid in 0.5 Gm. amounts 
every six hours. In six cases, three doses of Benemid were given before peni- 
cillin levels were determined. In one ease, however, only two doses were given. 
The results are summarized in Table II and Fig. 2. It will be noted that in all 
cases except one there was an appreciable elevation of the plasma penicillin 
level which by our method of assay was quite significant. As would be expected 
there was fairly marked individual variation between patients. It is to be noted 
again that frequently the enhancement was more marked at the three-, five-, and 
seven-hour period than at the one-hour period. 
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TABLE II. Errect oF BENEMID ON THE PLASMA PENICILLIN LEVELS FOLLOWING DOSES OF 
0.5 GM. Every Stx Hours 


LEVELS FOLLOWING BENEMID 
PENI- 





suB-}] AGE | CILLIN CONTROL LEVELS 24 HR. | 48 HR. 
sect |(yk.)| bose |1T HR) 3k] 5 HR.| 7 HR. 1 Re.) 3 Rr.] 5 e.| 7 HR.) 1 HR.| 3 HR.| 5 HR.]7 HR. 
B.M. 23  200,000\2.0 0.75 0.18 0.09| 2.0 0.75 0.12 O 

G.H. 44 1,000,000/5.5 3.0 1.25 0.27 /32.0 6.0 1.0 0.12 

CLS. 17 200,000} 1.0 0.25 0.12 0.04] 3.0 1.5 0.37 0.12 

C.A. 44 200,000) 1.5 0.25 0.12 0.09] 6.0 2.0 0.75 0.25 

A.A. 23 200,000) 4.0 0.75 0.12 0.04) 4.0 3.0 0.37 0.06 

G. H. 36 200,000) 3.0 0.18 0 0 20 0.75 0.25 0.18 | 

M.G. 24 200,000)1.5 0.25 0 0 40 15 0.25 0.06 

R.C. 22 200,000/2.0 0.5 0.06 0 | 6.0 1.5 0.37 0.12) 6.0 1.5 0.37 0.12 
H.T. 37 200,000/2.0 0.5 0.06 0 | 3.0 05 0.09 0 6.0 15 0.75 0.18 
G.M. 17  200,000/1.0 0.5 0.06 0 | 2.0 1.0 0.25 0.09 | 4.0 2.0 0.37 0.09 
C.H. 24 — 200,000/0.75 0.37 0.25 0.09} 2.0 1.0 0.87 0.09] 4.0 1.0 0.25 0.04 
W.W. 45 200,000)1.0 0.37 0.04 0 1.0 1.0 0.18 0.04] 6.0 40 2.0 1.0 


Effect of Multiple Doses of Benemid 
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Fig. 2.—The effect of Benemid given at six-hour intervals on the plasma_ penicillin 


concentration. In this schedule, the most recent dose of Benemid was given two hours before 
the test period began. Penicillin was administered at eight-hour intervals. 


In order to decide whether the administration of 0.5 Gm. of Benemid every 
six hours resulted in prompt maximal enhancement of the plasma penicillin 
levels or if there was a cumulative effect, five patients were treated with this 
amount of Benemid and plasma penicillin levels were determined on each of 
two consecutive days. These results are also summarized in Table II and in 
Fig. 3. It can be seen that most subjects showed higher plasma penicillin levels 
on the second day than on the first, suggesting that Benemid at this dosage 
level does not produce maximal tubular inhibition immediately and does have an 
accumulative effect. This would be in good agreement with Beyer’s observation 
that Benemid is slowly excreted. 

One patient who was being treated for subacute bacterial endocarditis 
‘vaused by an alpha hemolytie streptococcus that was only partially sensitive 
to 5 units of penicillin per milliliter of plasma, received 2 Gm. of Benemid a day 
for thirty-five days, or a total of 70 grams. Crystalline penicillin was ad- 
ministered in doses of 2,000,000 units every eight hours. As illustrated in Fig. 
4, the plasma penicillin levels were better sustained when Benemid was used 
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than before its administration. At no time during the administration of 
Benemid did the patient demonstrate any evidence of toxicity and the urine 
remained entirely negative throughout this whole period. This would seem to 
be further evidence that Benemid lacks toxicity in doses of 2 Gm. per diem. 
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Fig. 3.—The effect of Benemid given every six hours for forty-eight hours. Timing was the 
same as that in Fig. 2. 
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Fig. 4.—The effect of Benemid in doses of 2 Gm. per day over a prolonged period. Note 
that the enhancement of the plasma penicillin concentration was maintained without alteration 
of the Benemid dose. 


DISCUSSION 


From the foregoing data is seems evident that Benemid is an effective agent 
in delaying the excretion of erystalline penicillin G and that its use is not 
marred by the undesirable aspects of the agents that have been used previously. 

Benzoic acid produces an effect only when there is strict limitation of salt 
and water intake,’ a situation that is ordinarily undesirable in the treatment 
of infections. In addition benzoic acid is not well tolerated by the large ma- 
jority of patients and hence cannot be used over a prolonged period.*” ™ 

Carinamide is effective without such limitations in salt and water intake 
and is relatively free from uncomfortable side reactions but has a rather im- 
portant limitation in that a large number of tablets must be administered at 
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frequent intervals. In addition, carinamide has one other possible disadvantage 
when administered over a prolonged period. This compound, administered as 
the free acid, may be excreted either as the monovalent or bivalent sodium salt. 
Since the usual dose of carinamide administered to an adult is 24 to 32 Gm. per 
diem and its molecular weight is 291, it can be calculated that 6 to 8 Gm. of 
sodium expressed as sodium chloride could be lost each day even if only the 
monovalent sodium salt were excreted. This could result in severe salt depletion 
in a patient with a restricted salt intake. We have observed this phenomenon 
in one patient with subacute bacterial endocarditis. 

On the other hand, an adequate enhancement of penicillin levels is achieved 
even when Benemid is administered in small doses. This drug did not produce 
discomfort in any of the patients who received it even over a long period of 
time and certainly gave no evidence of renal toxicity. Its effect seems quite 
independent of fluid and salt intake, and the required number of pills is suf- 
ficiently small to cause the patient no difficulty. Benemid is rapidly absorbed 
and slowly excreted so that it need be given only at relatively infrequent in- 
tervals. As demonstrated in Fig. 3, its full effect with repeated 0.5 Gm. doses 
is often achieved on the second day rather than on the first, but this also is seen 
frequently when carinamide is administered and represents no particular thera- 
peutic disadvantage. If immediate alteration of the plasma penicillin level were 
desired it could be achieved easily by the use of a larger initial dose of Benemid. 

The use of Benemid as a therapeutic agent probably will be limited to those 
circumstances in which high and sustained plasma penicillin levels seem indi- 
cated. Its major usefulness would not be that of raising the initial concentration 
following an injection of penicillin because this can be more easily done by 
simply giving more penicillin. Its chief value, however, is that of altering the 
rate of decline of the plasma penicillin level, thus allowing the maintenance of 
high plasma levels with infrequent administration of penicillin. For these 
reasons Benemid should represent a useful therapeutic agent in the treatment 
of certain infections requiring the prolonged administration of large amounts 
of penicillin. Moreover, it is free of most of the disadvantages of those blocking 
agents that have been used previously. 

SUMMARY AND CONCLUSIONS 

p-(di, n-propylsulfamyl) benzoic acid (Benemid), a new benzoie acid de- 
rivative, was administered to a group of patients who were receiving penicillin 
therapy. 

Frequent estimation of plasma penicillin levels indicated that higher levels 
were to be expected during the period of Benemid administration than in con- 
trol periods. 

No toxic reactions to this drug were encountered. 

Benemid would seem to be a useful and effective agent for enhancing plasma 
penicillin levels, 
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- seen failures because of the appearance of drug-resistant microorgan- 
isis constitute one of the challenging problems of modern chemotherapy. 
The sulfonamides were quite effective initially in the majority of patients with 
gonorrhea and in many eases of hemolytic streptocoecic disease. The subse- 
quent appearance of resistant strains of the gonococcus and hemolytic strepto- 
coecus caused sulfonamide therapy to give way to treatment with penicillin. 
After several years of clinical evaluation, penicillin resistance has not been a 
problem with gonorrhea and hemolytic streptococcie disease. But the incidence 
of penicillin-resistant strains of staphylococcus is increasing at an alarming 
rate, and many clinical failures with penicillin can be attributed to this biologic 
phenomenon. 

When pencillin first became available for human therapy, there were indi- 
cations that some strains of staphylococcus were naturally resistant to the drug. 
At the University of Minnesota Hospitals eight out of sixty-eight cultures or 
12 per cent of coagulase-positive strains of staphylococcus obtained from pa- 


tients prior to the introduction of penicillin were found to be relatively re- 


sistant. About the same incidence of penicillin-resistant strains of staphylo- 
coecus was being recorded from other clinics.** However, it was questioned 
by clinicians whether penicillin-resistant strains of staphylococcus would con- 
stitute a major cause of therapeutic failures with penicillin.* ° But the in- 
tensive and widespread use of penicillin, especially in large hospital centers, 
has been accompanied by the appearance of an increasing number of highly 
resistant strains of staphylococcus. In support of this statement are the fol- 
lowing observations of North and Christie.6 The in vitro resistance of thirty- 
one strains of staphylococcus isolated from patients in hospital wards where 
penicillin was being used was compared with the resistance of 128 strains iso- 
lated from the same wards before penicillin was employed. They found that 
seventeen of the thirty-one strains from the ‘‘penicillin wards’’ were quite re- 
sistant to the drug, whereas none of the 128 strains from the ‘‘nonpenicillin 
wards’’ exhibited the same degree of resistance. Similar observations have been 
made by others.*** There is also adequate evidence that patients can be infected 
initially by penicillin-sensitive strains of staphylococeus, which as a result of 
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treatment with penicillin become highly resistant.’-'"’ Some of the mechanisms 
involved in the manifestation of penicillin resistance by staphylococci will be 
discussed shortly. 

It is now well established that this resistance is not of a temporary nature, 
and resistant organisms are just as invasive as the sensitive parent cocci. This 
biologie feature of resistance to penicillin which persists from generation to 
generation without loss of invasiveness is of extreme importance in the epi- 
demiology of staphylococcic infections and ean be correlated with the increasing 
incidence of therapeutie failures with penicillin. A high percentage of healthy 
individuals may carry in the nasopharynx invasive coagulase-positive staphylo- 
cocci that are resistant to penicillin, and this reservoir may then serve as a 
source of infection for other individuals. One of the most significant studies 
emphasizing the widespread distribution of these penicillin-resistant strains 
among healthy individuals is that of Martyn!’ in the obstetric department of 
St. Mary’s Hospital in Manchester, England. The nasopharynx and feces of 
130 healthy newborn infants were cultured for staphylococci. None of the 
babies or their mothers had received penicillin. Staphylococci were obtained 
from the nasopharynx of 62 per cent of the infants, and from the feces of 50 per 
cent. Of those strains isolated from the nasopharynx, 55.5 per cent were peni- 
cillin-resistant, and 58.5 per cent were resistant when cultured from the feces. 
Beigelman and Rantz'’ carried out a similar study, and found that 30 per cent 
of the strains of staphylococcus isolated from the nasopharynx of healthy chil- 
dren were penicillin resistant. Martin and Whitehead*® observed that the inci- 
dence of healthy adult carriers of penicillin-resistant strains of coagulase-posi- 
tive staphylococcus was about 20 per cent. 

While it has been emphasized in the literature that penicillin-resistant 
strains of staphylococcus are most frequently encountered in a hospital popula- 
tion because penicillin is being used in these areas, it should be pointed out that 
penicillin is rapidly being disseminated far beyond hospital centers. Penicillin 
is now being administered more frequently in the homes and in rural areas. 
This means that penicillin-resistant strains will appear more diffusely through 
the population, the earrier rate of these resistant strains will increase, and the 
incidence of penicillin-resistant staphylococciec infections will rise. This trend 
is borne out by many recent observations in widely separated geographical areas, 
even though the methods of testing for penicillin sensitivity vary from laboratory 
to laboratory. At the Mayo Clinie, Nichols and Needham’® observed that 68 
per cent of the strains isolated by them from patients were considered to be 
penicillin-resistant. Beigelman and Rantz'® in San Francisco found 56.2 per 
cent of strains tested to be penicillin-resistant, and Finland and associates’? in 
Boston have observed an increased incidence in recent years. In England, a 
few individuals have considered that the number of penicillin-resistant strains 
has been exaggerated.2!_ However, this is contrary to the observations of several 
other investigators in that country. The most extensive studies have been 
carried out in London by Barber and associates.'* ' ***° Barber and Rozwa- 
dowska Dowzenko™ in summarizing the increased incidence of penicillin-re- 
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sistant strains state that 14.1 per cent were found to be resistant in 1946, 38 
per cent in 1947, and 59 per cent in 1948. An inerease in the incidence of 
penicillin-resistant staphylococci has been reported also from Melbourne, Aus- 
tralia,® from Paris,** and from Vienna.’ 

The present study was initiated because an increasing number of cases of 
staphylococcic sepsis were not being benefited by penicillin therapy at the 
University of Minnesota Hospitals. It was decided to ascertain the incidence 
of penicillin-resistant strains of coagulase-positive staphylococci by carrying 
out in vitro tests with penicillin against recently isolated cultures. Because 
other antibiotics are being employed along with or instead of penicillin, simul- 
taneous in vitro tests were done with penicillin, streptomycin, chloramphenicol 
(Chloromycetin), aureomycin, and terramycin. These comparative findings are 
being reported along with their therapeutic implications. In addition, some otf 
the more pertinent clinical aspects of the mechanism, or mechanisms, by which 
staphylococci overcome the lethal action of penicillin will be summarized briefly. 


‘ MATERIALS AND METHODS OF STUDY 


The 104 strains of coagulase-positive staphylococci studied were first isolated in the 
Bacteriology Laboratory of the University Hospitals. Stock preparations of the potassium 
salt of crystalline penicillin G, streptomycin hydrochloride, chloramphenicol (Chloro- 
mycetin), and terramycin hydrochloride were each prepared with sterile physiologic saline 
solution and stored in a refrigerator. It was necessary to prepare fresh solutions of aureo- 
mycin daily in a concentration of 10,000 wg per milliliter. Solutions of penicillin and 
streptomycin were made up every two weeks in a concentration of 50,000 units per milli- 
liter and 50,000 ug per milliliter respectively. Both chloramphenicol and terramycin dis- 
played more stability and stock solutions were prepared monthly in concentrations of 250 
ug per milliliter. 

The sensitivity of each strain of staphylococcus for each of the five antibiotics was 
determined simultaneously by a tube-dilution method. Twofold dilutions of the drugs were 
employed ranging in a final concentration in each tube from 0.0078 ug per milliliter to 
4,000 ug for the antibiotics except for penicillin and for chloramphenicol. Because of the 
insolubility of chloramphenicol the maximum concentration with this drug was 250 ug 
per milliliter. The same numerical concentrations were expressed in terms of units for 
penicillin. An eighteen-hour broth culture of the organism to be tested was diluted 1 to 
100 in tryptose phosphate broth and 0.5 ml. added to each of several tubes (13 by 100 mm.) 
containing twofold serial dilutions of each drug in 0.5 ml. of saline. Repeated colony 
counts indicated that this inoculum contained 500,000 to 1,000,000 organisms. This is a 
larger inoculum than that recommended by Luria25 and by Parker.26 Results obtained 
with a smaller inoculum may be very misleading for the clinician, and this will be com- 
mented upon later. The mixtures of organisms and antibiotic were incubated at 37° C. 
for twenty hours, and the end point in each sensitivity test was determined by selecting 
the lowest concentration of drug that prevented visible growth. 

Penicillinase production by the resistant strains of staphylococcus was determined 
quantitatively by a previously described method.27 


RESULTS 
The results of the in vitro tests with the 104 strains of staphylococci are 
presented in Tables I and II. For purposes of comparison each of the strains 
has been numbered. 
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Penicillin-Resistant Strains.—As seen in Table I, forty-six of the 104 strains, 
or 44.2 per cent, were inhibited in growth by 0.5 unit per milliliter or less of 
penicillin, These may be designated as sensitive strains of staphylococci. An 
outstanding feature of this study is that forty-five of the 104 strains or 43.2 per 
cent required more than 62.5 units per milliliter of penicillin to inhibit growth. 
These strains were considered to be highly resistant to the action of penicillin. 
It is of interest that 87.4 per cent of all the strains were either quite sensitive 
to penicillin or highly resistant. On the basis of the genetic studies of Demerec** 
it would have been anticipated that a gradual step-wise increase in resistance 
would be manifested with all degrees of resistance being more or less equally 
represented, rather than the preponderance of strains being grouped at the 
extremes of sensitivity or resistance and with only a few scattered between. 
When the forty-four strains that grew in the presence of 62.5 units per milliliter 
of penicillin were studied further, as shown in Table II, twenty-five of the 
strains, or 24 per cent of the total, required 500 or more units per milliliter of 
penicillin to inhibit growth. Four strains required 2,000 units per milliliter 
before growth was inhibited, and 4,000 units per milliliter of penicillin were 
necessary before the growth of the two most resistant strains was inhibited. 

The penicillinase produced by the resistant strains inhibited large con- 
centrations of penicillin. Representative results with sensitive strains and 
highly resistant cultures are presented in Table III and reveal that no peni- 
cillinase production was demonstrated for the sensitive cells, whereas the peni- 
cillinase from the resistant organisms was so active that penicillin in a econ- 
centration of 1,000 units per milliliter had no effect on the growth of a sensitive 
strain of staphylococcus. 

In several instances, a highly resistant strain of staphylococcus was isolated 
from a patient who had been receiving penicillin without apparent benefit. As 
noted in Tables I and II a number of strains were not only resistant to penicillin 
but also to one or more of the other antibiotics. Resistance to other antibioties 
was frequently associated with the previous administration of these antibioties. 
On the other hand, some penicillin-resistant strains were sensitive to one or 
more of the other antibiotics. These observations can be illustrated by referring 
briefly to the clinical status of some of the patients. Strains 40 and 42 possessed 
the greatest degree of penicillin resistance. Strain 40 was isolated from a 
furunele of a 30-year-old man who had had five admissions to the hospital be- 
cause of leucemia and recurrent infections of the skin. He had received large 
quantities of penicillin, streptomycin, and dihydrostreptomycin. It is seen in 
Table II that Strain 40 was not only resistant to penicillin but was also ex- 
tremely resistant to streptomycin. He had also received aureomycin, but this 
was not associated with resistance to this antibiotic. The patient improved 
when given neomycin.2® Strain 42 was obtained from the blood of a 72-year-old 
man who had congenital hemolytic anemia and benign prostatic hypertrophy. 
He had received large amounts of penicillin and aureomycin. Examination of 
Tables I and II shows that this strain was highly resistant to streptomycin as 
well as to penicillin, but 15.6 »g per milliliter of aureomycin inhibited growth. 
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TABLE II. COMPARATIVE IN VITRO RESISTANCE OF 47 STRAINS OF COAGULASE-POSITIVE 
SrapHyLococct TO THREE ANTIBIOTICS. ALL OF THESE STRAINS WERE PREVIOUSLY 
FOUND TO BE RESISTANT TO MORE THAN 62.5 wG OR UNITS PER MILIMILITER 
OF AT LEAST ONE OF THE ANTIBIOTICS 


“wG OR UNITS PER 
MIL. OF ANTIBIOTIC 


NECESSARY TO PENICILLIN TERRAMYCIN STREPTOMYCIN 
INHIBIT GROWTH UNITS PER ML. ) | (uG PER ML, ) (“G PER ML, ) 
125 37; 75; 77, 61s 4,17 103 
94, 101, 102, 
103 
250 17, 31, 34, 36, 35, 72 


72, 88, 96, 99, 

100, 39, 66 
500 a 8. 9, 1b, 30. 
41, 43, 64, 68, 
78, 82, 85, 91 











1.000 5. 19, 52, 56, 
57, 70 
2000. 87, 33, 50, 51 >a 15, 64,78,85 
~3,000 © —_ . sf © ’ 
4000 }°»&| a ees =~ eee - ~ 81,51, 70, 99 





~ >4,000- 5, 19, 27, 30, 


33, 34, 40, 42, 

50 

This strain was quite resistant to terramycin, though the patient had not re- 
ceived this drug. There was no evidence that he had received streptomycin. 
The patient recovered from his illness. 

Strains 43 and 93 were of particular interest since they were isolated from 
the blood of each of two patients with acute bacterial endocarditis. The pa- 
tient from whom Strain 43 was obtained had been receiving massive doses of 
penicillin without influencing the bacteremia. The in vitro sensitivity test re- 
vealed that this penicillinase-producing strain required 500 units per milliliter 
of penicillin for the inhibition of growth, but only 1.9 pg per milliliter of aureo- 
myein was necessary. The patient was then given aureomycin intravenously, 


TABLE III. COMPARATIVE ANTIPENICILLIN ACTION OF 0.05 MG. OF DRIED CELLS (‘‘ PENICIL- 
LINASE’’) DERIVED FROM EACH OF SENSITIVE CULTURES OF STAPHYLOCOCCUS AND 
PENICILLIN-RESISTANT STRAINS. NOTE THAT NO PENICILLINASE WAS 
DEMONSTRATED FOR SENSITIVE CULTURES 








| UNITS PER ML, OF PENICILLIN 

|} UNITS PER ML. OF PENICILLIN | REQUIRED TO INHIBIT GROWTH 
| REQUIRED TO INHIBIT GROWTH OF SENSITIVE STRAIN OF STAPH. 
| OF STRAINS BEING TESTED IN PRESENCE OF 0.05 MG. OF 











NUMBER OF STRAIN FOR PENICILLINASE DRIED CELLS 
Sensitive Strains 
] 0.03 0.0016 
12 0.06 0.015 
13 0.06 0.008 
14 0.125 0.03 
Resistant Strains 
27 2.000. >1,000. 
33 2,000. >1,000. 
40 3,000. >1,000. 
42 3,000. >1,000. 
5 2.000. >1,000. 
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and coincident with this there was an abrupt improvement in her condition 
and subsequent recovery. Although Strain 93 was quite sensitive to penicillin, 
the patient from whom the organism was obtained expired because of a brain 
abscess which developed during treatment with penicillin. 

Strain 27 was cultured from the sputum of a 23-year-old man subsequent 
to therapy with penicillin, streptomycin, and aureomyecin. He entered the hos- 
pital because of acute meningitis of undetermined etiology from which he re- 
covered. He also had pneumonia, which was associated with a chronic bronchiec- 
tasis. It is to be noted in Table II that Strain 27 was highly resistant to peni- 
cillin and to streptomycin. Growth of this strain was inhibited by 15.6 pg per 
milliliter of aureomycin. Although the patient had never received terramycin, 
a concentration of 62.5 wg per milliliter was necessary for inhibition of growth. 
This strain was sensitive to chloramphenicol. 

The resistanee of Strain 5 is another instance of extreme resistance being 
correlated with antibiotic therapy. This strain was cultured from the urine 
of a 69-year-old man who had benign prostatic hypertrophy, renal caleuli, and 
pyelonephritis. He had received abundant quantities of penicillin and strepto- 
mycin for a long period of time prior to isolation of the staphylocoeci. Tables 
I and II show that Strain 5 was highly resistant to penicillin and to strepto- 
mycin, but sensitive to aureomycin, chloramphenicol, and terramycin. 

Although several instances can be cited in which the evidence indicated that 
the appearance of penicillin-resistant staphylococci followed therapy with the 
drug, this was by no means applicable to all of the resistant strains. Further 
clinical studies have revealed that individuals who have never received penicillin 
are apparently becoming infected with these resistant strains. 

Streptomycin-Resistant Strains—Preliminary experiments showed that the 
same in vitro results were obtained whether streptomycin or dihydrostrepto- 
mycin was used. Examination of the comparative results in Tables I and II 
reveals that the growth of only two strains of staphylococci was inhibited by 
1 pg per milliliter or less of streptomycin. Contrary to expectations, a more 
graduated resistance was exhibited by the 104 strains in comparison to the re- 
sults with penicillin. There were twenty strains or 19.2 per cent that required 
more than 62.5 pg per milliliter for the inhibition of growth. This is con- 
siderably less than the 48.2 per cent of strains that were highly resistant to 
penicillin. It is of importance that every one of the strains highly resistant to 
streptomycin also demonstrated extreme resistance to penicillin. Of particular 
interest are the nine strains that grew in the presence of over 4,000 ng per milli- 
liter of streptomycin (Table IT). 

It is seen in Table II that every one of the streptomycin-resistant strains 
that required more than 62.5 pg per milliliter for inhibition of growth was rela- 
tively sensitive to chloramphenicol, and without exception all of these strains 
were sensitive to aureomycin. With the exceptions of Strains 27 and 42, these 
streptomycin-resistant strains were also quite sensitive to terramycin. 

Aureomycin-Resistant Strains —Examination of Table I demonstrates that 
with one exception all of the strains of staphylococcus were susceptible to the 
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action of aureomycin in concentrations that could be approached therapeutically. 
Strain 4 required 62.5 pe per milliliter of aureomycin before growth was in- 
hibited. Strain 4 was obtained from a child who had had a chronic staphylo- 
eoecic infection of the liver and skin for many months. This child had received 
aureomyecin for several weeks prior to isolation of this strain of staphylococcus. 
It might be assumed that resistance to aureomyein developed during this in- 
tensive therapy. 

Terramycin-Resistant Strains.—While only one strain was considered to 
be highly resistant to aureomyein, there were five strains highly resistant to 
terramyecin (Tables I and II). Strain 4, which was the one strain resistant to 
aureomycin, was even more resistant to terramycin. Strain 17 required 15.6 
pg per milliliter of aureomycin to inhibit growth, but 125 pg of terramyein 
were necessary. Though the sensitivities of the strains to terramycin paralleled 
those obtained with aureomycin, there were the foregoing important exceptions 
in which highly resistant strains were encountered with terramycin, but not 
with aureomycin. No strains were found to be resistant to aureomycin but 
sensitive to the action of terramycin. None of the patients from whom the 
staphylococci were isolated had received terramycin. 

Chloramphenicol-Resistant Strains—Referring to Table I, it is seen that 
on a weight for weight basis, all of the strains of staphylococci were more re- 
sistant to chloramphenicol than to either aureomycin or terramyein. Because 
of the insolubility of higher concentrations of chloramphenicol in water, sensi- 
tivity tests could not be carried on beyond concentrations of 250 ne per milliliter. 
Strains 73 and 77, which were resistant to penicillin, were also very resistant to 
chloramphenicol. In addition, five other strains (8, 56, 59, 66, 68) required 
62.5 wg per milliliter of chloramphenicol before growth was inhibited. Four of 
these five strains were also resistant to penicillin. As far as could be deter- 
mined, the resistance of these strains to chloramphenicol did not appear to be 
related to therapy of the patients with the drug prior to isolation of the organ- 
isms. It is of interest that Strain 56, which was resistant to both penicillin and 
to chloramphenicol, was isolated from the pharynx of a baby girl one week 
after birth. This infant had received no antibiotic therapy. In the interpre- 
tation of in vitro tests with chloramphenicol it is to be recalled that corre- 
sponding high coneentrations ean be achieved readily in the blood of patients 
following oral administration of the drug. 


DISCUSSION 

The Mechanism of Penicillin Resistance With Particular Reference to the 
Role of Penicillinase.—This investigation has confirmed the observation of others 
in that the incidence of penicillin-resistant strains of staphylococcus is on the 
increase. Furthermore, the magnitude of the resistance of many of the strains 
poses an alarming problem in therapy. There is no doubt that the appearance 
of highly resistant strains of staphylococcus is related to the widespread use of 
the antibiotic. Therefore, before discussing the therapy of staphylococcie in- 
fections with antibiotics, it is desirable to present briefly the basie mechanism 
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or mechanisms involved in the resistance of staphylococci to penicillin. It is 
particularly essential from the clinical point of view to eall attention to the in- 
fluence of the enzyme penicillinase on the manifestation of penicillin resistance. 
It is not the purpose of this report to review all of the possible mechanisms in- 
volved in penicillin resistance. Such a discussion is intimately tied up with 
the mode of action of penicillin. Able reviews on the subject include the com- 
prehensive review of Florey and associates*’ and that of Work and Work.*! 

A fundamental concept concerning the appearance of penicillin-resistant 
strains of staphylococci was offered by Demerec,?* who applied genetic principles 
to the study of the problem. He concluded that within a large population of 
any penicillin-sensitive strain of staphylococcus there are a few naturally oe- 
curring and relatively resistant variants. When such a culture is exposed to 
penicillin, the sensitive organisms are destroyed, but the resistant variants not 
only remain viable but reproduce in large numbers. Among their progeny new 
variants occur which exhibit a slightly higher degree of resistance. Thus, in a 
step-wise manner variants emerge as a result of the selective action of the drug 
which are resistant to high concentrations of penicillin. This concept has been 
widely accepted as a valuable tool in the study of penicillin resistance. But this 
expression of resistance on a classic genetic basis leaves much to be desired in 
the way of explaining the underlying biochemical reactions responsible for the 
increased tolerance to penicillin. From a clinical standpoint, the elaboration 
of penicillinase by resistant strains of staphylococci is of major importance as 
an added explanation for the therapeutic failure of penicillin. It is to be em- 
phasized that the production of penicillinase is not claimed to be the sole bio- 
chemical mechanism responsible for resistance. But many investigators have 
stressed the fact that all of the resistant strains of staphylococcus isolated from 
human eases have produced penicillinase. 
present study. 


8, 15, 18, 22, 24 


This was also true in the 


Abraham and Chain*? first deseribed penicillinase, which was an enzyme 
elaborated by EF. coli that destroyed penicillin. Kirby** ** first demonstrated an 
inhibitor of penicillin activity obtained from resistant strains of staphylococeus. 
In a review on staphylococcie penicillinase, Spink and Ferris** coneluded that 
the resistance of staphylococci was related to the speed with which penicillinase 
was produced, to the poteney of the penicillinase, and to the time which a given 
concentration of penicillin took to destroy the bacterial cells. Bondi and Dietz,*° 
in a subsequent report on the significance of penicillinase in penicillin resistance, 
emphasized the speed with which staphylocoecie penicillinase was produced 
rather than the amount of the enzyme. But a more controversial aspect of the 
subject was raised by Luria,?> who confirmed an earlier observation that the in 
vitro resistance of staphylococci to penicillin was quantitatively related to the 
size of the inoculum used.!. He found that the individual cells from a peni- 
cillinase-producing strain of staphylococcus were sensitive to penicillin, but 
when a larger inoculum was used, resistance was manifested because of the 
accumulation of penicillinase from a large number of organisms. It is im- 
portant to point out that use of a large inoculum from a sensitive strain will 
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not significantly alter the end point of the sensitivity test. This has been 
demonstrated in the present investigations, as well as in previous studies.?’ 
Luria recommended that in vitro tests for determining penicillin sensitivity 
should take advantage of a small inoculum of organisms, thus excluding the 
influence of penicillinase. Parker?’ also noted the influence of the size of the 
inoculum upon the results of in vitro tests, and Gilson and Parker,*® utilizing 
quantitative and reproducible methods, demonstrated that with a large inoculum 
there was a good correlation between penicillin resistance and the quantity of 
cellular penicillinase, but when only a few hundred cells were used in a test this 
correlation disappeared. From a practical viewpoint, Gilson and Parker have 
shown that when the number of staphylococci is large and the amount of peni- 
cillin is limited, penicillinase is a very important mechanism in the resistance 
of a strain. 

In view of the tendency for staphylococci to aggregate in large numbers 
in the tissues and the desirability of having effective concentrations of penicillin 
for destroying these organisms, the clinician must be supplied with information 
from an in vitro penicillin-sensitivity test in which due consideration has been 
given to the optimum activity of penicillinase. In performing such a test with 
an inoculum of only a few thousand organisms, a false sense of security may be 
conveyed to the clinician, and the misleading information can very well lead 
to a therapeutic catastrophe. This has been emphasized by the observations of 
Jeffery, Levitt, and Topley*’ who reported the failure of penicillin to control 
osteomyelitis because of the presence of a penicillinase-producing strain. When 
a million organisms were used in an in vitro test the strain appeared quite re- 
sistant, but not when 1,000 cells were employed. The influence of penicillinase 
as a cause of therapeutic failure was further stressed by Martin and associates,”* 
who failed to eradicate a bacteremia in a patient following the daily injection 
of a billion units of penicillin; but a cure was obtained with streptomycin. <A 
penicillinase-producing strain of staphylococcus was isolated from this patient. 
Experience at the University Hospitals has emphasized repeatedly the failure 
of penicillin to control staphylococcie sepsis because of the presence of resistant 
staphylococci that produce penicillinase. 

Not only does the utilization of a large inoculum, such as 500,000 cells, in 
an in vitro test readily detect resistance due to the production of penicillinase, 
but such an inoculum also more accurately mirrors the usual character of the 
infection for which penicillin is administered. Staphylococci tend to localize 
and provoke abscesses in various tissues of the body, producing a relatively 
avascular area of suppuration containing tremendous numbers of organisms. 
Because of the reduced blood supply the amount of penicillin reaching these 
foci is limited and much of the antibiotic which does reach the lesion may be 
destroyed by penicillinase. Experience has shown that the presence of peni- 
cillinase-producing staphylococci in areas of the lung and bone with a diminished 
supply of blood will prevent response to tremendous quantities of parenterally 
administered penicillin. Likewise, staphylococci that elaborate penicillinase 
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may localize deep in an ulceration of the endocardium and persist for long 
periods in the presence of the highest blood concentrations of penicillin ob- 
tainable. 

Treatment of Infections Due to Penicillin-Resistant Staphylococct.—A 
staphylococcic infection can be managed more intelligently if information is 
at hand on the in vitro sensitivity of the invading strain to penicillin. There 
is at least a rough correlation between in vitro sensitivity and what ean be an- 
ticipated therapeutically with penicillin. In many instances such information 
is not available, but the clinician fearing that the offending staphylococcus is 
penicillin resistant will administer large amounts of the drug to a patient. He 
concludes that if a sensitive strain is present no harm has been done with the 
larger doses. The possibility has been raised that the indiscriminate administra- 
tion of large amounts of penicillin may have some therapeutic disadvantages 
even in those cases where penicillin-sensitive strains of staphylococci are present. 
Kagle and Musselman** have called attention to a paradoxical phenomenon in 
which excessive concentrations of penicillin are less effective in vitro against 
some strains of staphylococci than smaller amounts. They observed a narrow 
zone of drug concentration that yielded optimum results. 

While the use of adequate amounts of penicillin may control some cases 
of staphylococcie sepsis due to moderately resistant organisms, the tendeney in 
clinical practice is either to administer penicillin along with another antibiotic 
or to use another agent alone. There is no question that staphylococcie in- 
feetions have yielded to a penicillin-streptomycin combination after therapy 
with only penicillin had been attended by failure. The problem of administering 
antibiotics simultaneously in staphylocoecic and other infections should be fur- 
ther investigated in view of recent reports. Jawetz and co-workers*® *° have 
shown that chloramphenicol will interfere with the optimum killing effect of 
penicillin both in vitro and in vivo for certan strains of enterococei, and Lank- 
ford and Lacy*' have demonstrated that various concentrations of penicillin and 
aureomycin, and streptomycin and aureomycin, will diminish the anti-staphylo- 
coecic in vitro action of the individual drugs. This inhibitory effect appeared 
to be related to the relative concentrations of the drugs employed in the mix- 
tures. 

Streptomycin is an effective agent for the treatment of staphylococciec sep- 
sis, but the data in Table I show that a significant number of strains are quite 
resistant to the antibiotic. In addition, many of the strains highly resistant to 
penicillin were also quite resistant to streptomycin. Streptomycin has the ad- 
ditional disadvantage that the staphylococci, as well as other organisms, can 
become highly resistant to its action very rapidly. The rapid appearance of 
resistant organisms during treatment with streptomycin or dihydrostreptomyein 
is much more of a therapeutic problem than that associated with penicillin 
therapy. 

Aureomycin has been reported to be quite effective in staphylococcie infec- 
tions where penicillin has failed to control infections due to the presence of 
penicillin-resistant organisms.’® *?-** As noted in Table I, only one aureomycin- 
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resistant strain of staphylococcus was encountered in the present study. Recent 
studies would indicate that the appearance of aureomyein-resistant staphylococci 
involves a step-wise and gradual development rather than the rapid and abrupt 
manifestation of resistance that occurs with streptomycin.‘’ * Sinee the study 
on the present series of staphylocoeccic cultures has been completed, four cases 
of staphylococcie infection have been encountered at the University Hospital 
where the evidence pointed to the development of aureomycin-resistant strains 
as a result of treatment with this drug. 

As noted in Table I, on a weight for weight basis staphylococci were more 
resistant to the action of chloramphenicol than to aureomycin. A few strains 
of staphylococci that were highly resistant to chloramphenicol have been isolated 
from patients. Chloramphenicol has not appeared to be as uniformly as effee- 
tive as aureomyecin in the therapy of staphylococcie infections, but further 
clinical trial with this agent should be earried out. 

Terramyein is active against a wide range of microorganisms including 
47 While the present study demonstrated a close correlation 
between the antistaphylococcic action of aureomycin and terramyein as seen 
in Table I, there were some notable exceptions. Strains 27, 42, 102, and 17 
were markedly resistant to terramycin and to penicillin but sensitive to the 
action of aureomycin. This latter observation may be of significance clinically, 


staphylocoeci.*® 


since investigations carried out more recently with strains of staphylococcus 
not included in this report revealed several additional strains highly resistant 
to terramycin, but relatively sensitive to aureomycin. This manifestation of 
terramycin resistance has not been associated with terramycin therapy. These 
preliminary studies suggest that terramycin-resistant staphylococei might offer 
more of a clinical problem than that which has occurred with aureomyein. 

Bacitracin is another antibiotic that has been recommended for the treat- 
ment of pencillin-resistant staphylococcie infections.** 4° The present study 
did not include comparative observations with bacitracin because this antibiotic 
has been administered systemically to only a few patients at the University 
Hospitals. The drug proved to be nephrotoxic under these circumstances, and 
it was found that penicillin-resistant staphylococcic infections could be con- 
trolled with other less toxic agents. When Pulaski and Connell*® treated twenty- 
six patients with bacitracin parenterally, twenty-four of the patients manifested 
some nephrotoxic phenomena. Bacitracin is devoid of this toxie reaction when 
applied directly to superficial lesions. Under these circumstances, the drug is 
quite effective against penicillin-resistant staphylococci. In the recent report 
of Finland and associates’ it was concluded that bacitracin was less active in 
vitro against staphylococci than penicillin, streptomycin, aureomyein, and 
chloramphenicol. 

Some consideration has been given to the possibility of employing an agent 
that would inhibit the action of penicillinase, and thus provide a means whereby 
penicillin could be administered effectively for infections with penicillin-resis- 
tant staphylococci that produce penicillinase. Perlstein and Liebman®" *? sue- 
ceeded in producing an anti-penicillinase rabbit serum by injecting purified 
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penicillinase into the animals. This serum protected penicillin in vitro from 
destruction by the enzyme. These observations were later extended by House- 
wright and Henry.** It has been found more feasible in clinical practice to 
administer another antibiotic not affected by penicillinase. 

in conelusion, penicillin cannot be employed today with a comfortable 
degree of confidence in the therapy of staphylocoeccie infections. In the more 
severe cases of staphylococcie sepsis it is recommended that as soon as possible 
in vitro sensitivity tests should be carried out with penicillin, streptomycin, 
aureomyein, chloramphenicol, and terramyecin. <A fairly dependable correlation 
exists between the results of the in vitro tests and the anticipated therapeutic 
activity of an antibiotic, provided a sufficiently large inoculum is used. If 
such tests are not immediately available, treatment with aureomyein will mini- 
mize the problem of resistance to antibiotic therapy. 


SUMMARY 


The incidence of strains of staphylococci which are highly resistant to 
penicillin is inereasing at an alarming rate. This is emphasized from investiga- 
tions at the University of Minnesota Hospitals. Prior to the introduction of 
penicillin in 1942, approximately 12 per cent of the strains of staphylococci 
isolated from patients were found to be naturally resistant to the drug. But 
over 50 per cent of the strains isolated in the latter part of 1949 and early 
months of 1950 were observed to be highly resistant to penicillin. This demon- 
stration of penicillin resistance in vitro has been correlated with the therapeutic 
failures, and coincides with the experience of others. 

Krom a elinical point of view the production of the enzyme penicillinase 
by resistant strains is quite important, and in vitro tests of penicillin sensitivity 
should take penicillinase into consideration. 

Comparative in vitro tests with penicillin, streptomycin, aureomycin, chlo- 
ramphenicol, and terramycin demonstrated that more strains of staphylococcus 
were sensitive to aureomycin than to each of the other antibiotics. Further 
clinieal trials with chloramphenicol, terramyein, and combinations of antibiotics 
are desirable. 

In the management of all serious staphylocoecie infections, in vitro sensi- 
tivity tests against several antibiotics should be carried out, since an occasional 
strain may exhibit resistance to aureomycin. 
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SOME FACTORS CONCERNED WITH THE TWO-STAGE 
PLASMA PROTHROMBIN ASSAY 


CHARLES L. JOHNSTON, JR., M.S., AND JoHN H. Fercuson, M.D., F.A.C.P. 
CHareL Hit, N. C. 


ARE and Seegers? have modified the original Iowa? two-stage method of 

plasma prothrombin assay in an endeavor to improve its accuracy and 
practical usefulness. It has long seemed to us® necessary to undertake certain 
experimental investigations, which have not appeared in the literature, in order 
to answer the question: Does the test truly measure prothrombin activity under 
the various conditions under which it may be used? In particular, the following 
studies aim to show (1) assay recovery of added purified prothrombin, (2) 
effects of heparin and (3) influence of fibrinolvsin. 


MATERIALS 


1. Hwman plasma (H. Pl.): routinely prepared from arm vein blood of the same subject 
(C.L.J.) and containing (before centrifugation) one-tenth volume of 0.109M sodium citrate. 
In twenty-two successive tests on this citrated plasma, the prothrombin assay values averaged 
(range in parentheses), units per milliliter: (a) uncorrected, 231 (206 to 253); (b) corrected 
for hematocrit, 307 (274 to 339). Somewhat lower values (uncorrected, 200 + 12 units per 
milliliter) were regularly obtained in some earlier tests and are validated for the comparative 
studies in which they appear. 

2. Purified bovine prothrombin (Pro.): 0.02 per cent saline solution of a dry powder, 
kindly supplied by Dr. A. G. Ware and Dr. W. H. Seegers, who found it to contain 18,000 
units per milligram tyrosine in original tests a year earlier (see text). 

3. Heparin (Hep.): Sodium heparinate (Liquaemin, Roche-Organon), 1 ¢.c. 10 mg. 
1,000 Toronto units; diluted with saline to give stock solutions of 100 and 10 units per mil- 
liliter respectively. 

4. Bovine serum fibrinolysin (lysin): dry preparation, courtesy Dr. E. C. Loomis. 
Solutions 1 to 0.01 per cent freshly prepared as required. 

5. Thrombin (Thr.): dry preparation, Parke Davis, courtesy Dr, E. A. Sharp, dissolved 
in glycerol (50 per cent)-saline to 100 units per milliliter. 

6. Thromboplastins: Two of our own preparations (A and B) and two commercial prod 
ucts (C and D) were used, viz Tpln. A, from perfused ox lung, diluted 1:6; Tpln. B, from 
unperfused ox lung, diluted 1:6; Tpln. C, from rabbit lung (Squibb); Tpln. D, from rabbit 
brain (Difco). In comparative tests, these all gave indentical prothrombin unitage both on 
plasma and on purified prothrombin solutions, although the optimal incubation times varied, 
especially with Tpln. A which required about twice as long as the others. 

7. Bovine serum (diluted): for supplying ‘‘accelerator factor(s) ’’ in modified two-stage 
tests, was tried at several dilutions and 1:300 was found optimal for use in the incubation mix. 

8. Bovine fibrinogen(s): F,: a ‘‘cold fibrinogen’’ from oxalated beef plasma, prepared 
according to Ware, Guest, and Seegers,4 needed an additional step of adsorption with BaSO,' 
in order to make it sufficiently free from prothrombin. As tius prepared, its solutions 
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analyzed 1.8 to 1.5 per cent total protein and 85 to 90 per cent ‘‘clottable’’ (fibrin N) and 


were diluted to 1.0 per cent total protein for the assay tests. F,: a 1 per cent borate buffer 
(pH = 7.7) solution of BF6 (Armour’s lyophilized bovine ‘‘fibrinogen’’—Fraction 1), 
tested on a number of occasions with H. Pl, gave prothrombin values ranging between 166 
and 206 units per milliter (uncorrected), which were regarded as somewhat too low and too 
variable to be satisfactory for routine assays.! F,: after adsorbing F, with BaSO, to free 
from all traces of prothrombin, and since thrombin and fibrinolysin were already absent, this 
fibrinogen was excellent for testing even minute quantities of (1) thrombin, (2) prothrombin, 
(3) antithrombin, (4) fibrinolysin, in such reagents as (a) serum, (b) thromboplastin, and 
so on (see below). 

9. Borate buffer solution6; pH = 7.7, specific resistance 170 ohms (at 21° C.), effective 
ionic strength 0.055, contained (per liter): 11.25 Gm. H,BO,, 4 Gm. Na,B,O,, 12H,0, 2.25 Gm. 
NaCl. In these studies it was only used in control tests on certain reagents (see text). ee 

10. Other reagents: Imidazole buffer (pH : 7.25 + 0.05); saline (0.9 per cent Nach) ; 
CaCl, (0.67 per cent)—NaCl (0.4 per cent)—giving optimal conversion of prothrombin to 
thrombin at 0.010M Ca —; acacia (purified, free from Ca and oxalate and with less than 
0.4 per cent NaCl): met the standards specified. 


CONTROL OF REAGENTS AND METHODS 


Exacting controls of all reagents and steps in the standardized procedures were carried 
out according to the recommendations of Ware and Seegers,! with the minimal requirements 
always exceeded and particularly so in the case of fibrinogen, thromboplastin, serum, and 
acacia. Optimal concentrations, times, and conditions were carefully determined for Ca, 
thromboplastin, serum, plasma, or prothrombin, dilutions, ete. The respective dilution factors 
at the successive steps of the assay were as follows: I, preparation of (citrated) plasma: 0 
(uncorrected) ; 1.2-1.3 x (hematocrit correction) ; II, defibrination with thrombin: 2 x; III, 
dilution with saline (original method)2 or with serum-saline (modified method)1:; 15-20 x; IV, 
conversion of prothrombin to thrombin by optimal incubation, at 28°, with Ca-NaCl, thrombo- 
plastin; acacia, imidazole buffer: 4 x; V, final timing of test clots, at 28° C, with fibrinogen 
(F,): 1.25 x 

Serum (1:150 dilution): showed (1) calcium—faint trace of turbidity with standard 
oxalate, (2) thrombin—mere trace of clot in F, in 30 min., (3) prothrombin—trace clot in 
mixture with Ca, thromboplastin, F,, in 35 min., (4) antithrombin—increased clotting time 
of F; by 0.5 unit per milliliter thrombin from 100 see. to 116 see., (5) fibrinolysin—no clot 
lysis in 72 hr. at 37° C. 

Thromboplastin (Tpln. A, in 1:6 dilution): showed (1) calecium—not demonstrable, 
after incubation with standard incubation mix with 





2) thrombin—none, (3) prothrombin 
saline instead of plasma, tract clot in F, in 35 min., (4) antithrombin—increased clotting time 
of F, by 0.5 unit per milliliter thrombin from 100 sec. to 131 see., (5) fibrinolysin—no clot 
lysis in 72 hr. at 37° C. 

Since plasma and purified prothrombin assayed the same unitage with or without serum 
(1:300) and with varying thromboplastins (including the commercial preparations which 
ontained no prothrombin), it was concluded that none of the foregoing trace impurities were 
of any significance in the assay tests. 

Accuracy of assay: averaged within a 10 per cent limit of error in sufficiently large 
numbers of tests performed simultaneously and with nonsignificant experimental variations 
on a number of occasions. 


\SSAY OF PURIFIED PROTHROMBIN AND ITS ASSAY RECOVERY WHEN ADDED TO PLASMA 

The purified prothrombin (Pro.) used in these studies originally contained 
18,000 units per milligram tyrosine, according to Ware and Seegers’ analyses. 
Assuming tyrosine to be 10 per cent of the dry weight, our stock 0.02 per cent 
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solution should contain 360 units per milliliter. Found values, however, were 
always much lower than this, being about one-half in freshly prepared solutions 
and about one-third, on the average, in a number of samples stored frozen at 
a As, 


Stability studies: were made by repeated analyses every few hours during 
the day of preparation of the stock solution and every few days thereafter over 
a couple of weeks, (a) at room temperature (25 + 2° C), (b) at ordinary refrig- 
erator temperature (3 + 2° ©), and (ce) at -20° C. (deep freeze). Although 
the instability was much reduced, it was still significant at the coldest (-20° C.) 
temperatures, e.g. (¢) 166 (frozen and rethawed, immediately after preparation 
of stock solution ), 143 (thawed six hours later), 138 (thawed thirty hours later), 
119 units per milliliter (thawed nine days later) : separate samples. 

‘* Spontaneous’’ conversion to thrombin: The freshly prepared stock solution 
of this prothrombin contained no demonstrable thrombin. After standing for 
two hours at room temperature, it still did not clot fibrinogen (F;) in one hour, 
although analyses showed a loss of 34 units per milliliter. After standing sixteen 
days in the refrigerator, it showed enough thrombin to clot fibrinogen (F;) in 
forty-six seconds. The foregoing experimental facts, obtained incidentally in 
the present studies, clearly confirm the experience of the Wayne University 
workers on the following points. 


1. Highly purified prothrombin, kept in desiccator at room temperature for 
over a year in the present instance, loses about half its original potency. 

2. Solutions are unstable to a degree depending on the temperature. 

3. While thrombin does appear ‘‘spontaneously’’ and gradually in solutions, 
this fails to account for most of the loss in prothrombin activity, according to 
results of assays by the two-stage method. 


The basic principle of the Iowa two-stage method (and its more recent 
modifications) is to subject thrombin or prothrombin (before activation) to a 
variable dilution in order to produce a standard clotting time of 15 seconds, at 
28° C. and under the conditions specified. This thrombin unit is regarded as an 
‘‘absolute’’ value. The basically different principle, upon which all our coagula- 
tion research during the past two decades has relied, is that a ‘‘relative’’ potency 
value of thrombin can be assigned to varying clotting times, under standardized 
conditions,’ and, in the activation of prothrombin, quantitative significance is 
given to various activator and inhibitor factors only when the dilution of the 
prothrombin mixture is not varied. Even the proponents of the two-stage 
technique must return to this principle in evaluating the time factor in the 
activation process. In the matter of thrombin yield, however, the fundamental 
difference in technique is apparent. The two methods give inexplicably divergent 
results on the question of the fate of prothrombin solutions. 

In an extensive study® on a number of Seegers’ highly purified prothrombins. 
which were studied (activated, ete.) in relatively strong solutions (several 
thousands of units per milliliter), the following data were obtained repeatedly 
(1) Whatever the conditions of activation, the shortest clotting-times reached 


(regarded in our work as evidence of ‘‘complete’’ conversion to thrombin, under 
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the prevailing conditions) were identical, and, furthermore, (2) were exceed- 
ingly stable over at least three or four weeks at room temperature. In particular, 
(3) ‘‘spontaneous’’ activation, even though it required several weeks at room 
temperature, or longer in the refrigerator, yielded a thrombin of identical 
poteney (‘‘shortest clotting time’’) as that obtained, in a matter of minutes, 
with optimal activation by ealeium and thromboplastin. 

At several conferences, Dr. H. P. Smith and Dr. W. H. Seegers have ex- 
pressed the criticism that our clotting times (3 see. to 5 see.) may have been too 




















: short to permit the detection of perhaps considerable thrombin differences. 
i This doesn’t seem a valid criticism since we have no difficulty in increasing the 
i clotting times in the final thrombin dilution tests. In Table I, for instance, a 
twofold dilution (50 per cent) doubled the clotting time. Table I illustrates 
very clearly that all the prothrombin ‘‘spontaneously’’ converts into a stable 
TABLE I. PERCENTAGE DILUTION TESTS* ON THROMBIN FORMED FROM SAME PROTHROMBIN 
} SOLUTION: (I) WITH CALCIUM AND THROMBOPLASTIN, (II) ‘‘SPONTANEOUSLY’’ 
: "MIXTURE | 100% | 50% | 2% | 10% | 5% Nl 1% 
i I | 4 see. 8 sec. 11 see. 22 sec. 40 see. 84 sec. 
II 4 see. 8 see. 11 see. 22 sec. 42 see. 102 see. 
*Clotting times (seconds), at 24° C., pH = 7.7 (borate buffer), for 0.75 ml. fibrinogen 
(Fs) + 0.25 ml. stated dilution (%) of thrombic mixtures (see text). 


thrombin under the test conditions we use. Table I gives the clotting times 
(0.25 ml. mixture + 0.5 ml. F;) of serial (percentage) dilutions of the two 
original mixtures: I, 2 ml. Pro. (2,640 units per milliliter* + 2 ml. borate buffer 

0.75 ml. Tpln. D + 0.25 ml. M/10 CaCl, fully activated (4 see. clotting time 
in 15 min.), stable for more than one week, and dilutions with borate buffer 
(Table I) tested on the third day. II, 2 ml Pro. (same solution, kept nine 
months in refrigerator) + 3 ml. borate buffer, and dilutions as above (Table I). 
The similarity of the two series of tests is remarkable and must be taken to mean 
very close equivalence in terms of thrombie petency. 

Optimal incubation time: Another point, clearly stated by the workers who 
have purified prothrombin, is that a significantly longer time, even under ap- 
parently optimal conditions with respect to known activators (Ca, thrombo- 
plastin, ‘‘aecelerator’’ factor(s) ), is required for maximal thrombin formation 
(shortest clotting time test) with purified prothrombin as compared with diluted 
plasma. This is confirmed in the present work (e.g. Table IT), the optimal 


TABLE IT. ASSAY RECOVERY OF PURIFIED PROTHROMBIN (PRO.) ADDED TO PLASMA (H. PL.) 
BEFORE (I) AND AFTER (IL) DEFIBRINATION, IN Two0-STAceE METHOD OF DETERMINING 
PROTHROMBIN ACTIVITY 














| | | | TOTAL Yo DEVIATION 
| INCUBATION TOTAL FOUND EXPECTED | FROM 
| MIXTURE TIME (MIN.) (UNITS/ML.) (UNITS/ML. ) EXPECTED 
I | H. Pl. + Pro. | 16 228 227 0 
II | B. PL + Pro. | 22 | 160 144 +11 
ITI | 2... | 14 188 ~ | ~ 
IV | Pro. | 35 99 - | - 








*Seegers’ data: original potency. 
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incubation times for Pro. averaging two or three times those required for 1 :200 
plasma, the variations with individual types of thromboplastin preparations 
being relatively minor and in no wise affecting the unitage obtained. When 
prothrombin is added to plasma before defibrination the optimal incubation time 
is lengthened only a couple of minutes, whereas when the prothrombin is added 
after defibrination the time is lengthened appreciably, but is ten to fifteen 
minutes shorter than with purified prothrombin alone (Table IT). 

Assay recovery of purified prothrombin. Table IT shows assay data, aver- 
age of triplicate determinations, obtained by the modified two-stage procedure, 
on I, (0.5 ml.) H. Pl. + (0.4 ml.) Pro., added before defibrination with 0.1 ml. 
Thr.; IT, 0.5 ml. H Pl. (1:2 dilution after usual defibrination) + 0.5 ml. Pro.; III, 
H. Pl.; IV, Pro. (0.02 per cent). Note that the assay recoveries are as expected 
in I and practically at the upper limit (10 per cent) of error in II. In some 
older (1941) observations,’ employing the previously discussed dilution technique 
to measure ‘‘relative’’ thrombin concentrations, we obtained assay increments 
very close to the determined activity of crude prothrombin added to plasma 
which had been diluted 50 to 100 times. 


EFFECTS OF ADDED HEPARIN 


A. In ‘‘second phase’’ (thrombin-fibrinogen reaction): Using various 
amounts of heparin in the saline with which the fibrinogen (F,: see reagents) 
was diluted to 1 per cent before testing the clotting times with the (approxi- 
mately) 1 unit of thrombin from diluted-activated plasma processed by the 
usual modified two-stage method, we obtained the data summarized in Table ITI, 
which show how the presence of heparin (with such ‘‘cofactor’’ as is presumably 
supplied in the reagents) influences the clotting times and thrombin units 
obtained, the latter being caleulated, as usual, per milliliter of original plasma 
(uncorrected). The smallest heparin concentration tested (0.067 unit per mil- 
liliter) definitely prolongs the clotting time and lessens the computed thrombin 
unitage. 

TABLE IIT. EFFECTS OF VARIOUS CONCENTRATIONS OF HEPARIN UPON CLOTTING TIMES AND 


THROMBIN UNITS OBTAINED IN FINAL STEP OF THE TWO-STAGE ASSAY OF PLASMA PROTHROMBIN 























i i a | ] a 2 -_ 3 — om 4 | 5 | 6 eH 
Heparin concentration | 0 0.134 0.26 | 0.4 | 0.66 | 6.6 
(u/ml, final clotting mixt.) | | | | 
Clotting time (sec.) we | 15.6 | 17.4 | ee |. oe.) Se | lO 
Estim. thrombin units | 191 | 166 | 161 | 152 | 144 | 88 
| 


(per ml. ‘‘original’’ plasma) 
B. In ‘‘first phase’’ (activation of prothrombin to thrombin): I. Heparin 
added AFTER defibrination. In the data of Table IV, the heparin was added 
(a) with the serum-saline diluent in tests 2 to 5, (b) with the incubation mix 
in test 6, and (¢c) immediately after the defibrination in test 7. The least amount 
of heparin (0.02 unit per milliliter in thrombie mixture) had no significant 
effect, but all higher concentrations tested (0.168 to 1.25 units per milliliter) 
greatly prolonged the clotting times, caused clot of poor quality (floceulent and 
stringy), and made determination of the thrombin unitage impossible. The 
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optimal incubation periods were only slightly increased, however. It is particu- 
larly significant that 0.168 unit per milliliter heparin (in thrombie mixture of 
test 3) prevented assayable thrombin formation, although the second phase ef- 
fects (Table ITI, test 2) are very minor. 


TABLE IV. EFFECTS OF VARIOUS CONCENTRATIONS OF HEPARIN, ADDED AFTER DEFIBRINATION, 
UPON CLOTTING TIMES AND THROMBIN UNITAGE IN TWO-STAGE ASSAY OF PLASMA PROTHROMBIN 


oy | 2 3 | 4 5 | 6 =” 


| 
Heparin concentration | 
| 


ae 
\— 

0.168 | 0.33 | 0.67 0.75 9 1.25 
| 


1. (u/ml. thrombin mixt.) 0 | 0.02 
- (u/ml. final clot mixt. )} 0 | 0.016 0.134 0.26 | 0.536 0.6 1.0 
C lotting time (see.) | 15.6] 15.2 | 100 135 164 194 212 
| | a 
| 


Estim, thrombin units 
(per ml. ‘‘ original?’ 
plasma) 


191 | 194 Se ee ee ae ides 


IT, Heparin added to plasma BEFORE defibrination. When 0.5 ml. plasma 
was mixed with 0.4 ml. heparin (33 units per milliliter) before defibrinating 
with 0.1 ml. thrombin and earrying through the subsequent steps of the assay 
procedure, no thrombin was detectible in the incubation mixture even after four 
hours. The heparin concentration in the incubation mixture was 0.168 unit per 
milliliter, so this finding agrees with test 3, Table LV, in showing the great inter- 
ference with the assay test chiefly due to heparin inhibition of the prothrombin 
activation. This amount of heparin, however, is much in excess of therapeutic 
concentrations such as may be encountered in the blood clinically. Loomis*® 
considers 0.001 mg. (0.1 unit) per milliliter blood typical of the amounts usually 
required for anticoagulant therapy, and Jaques and Ricker® state that such 
concentration will inerease the whole blood clotting time (Lee-White method ) 
to about 20 to 25 minutes. 

In the following experiments, repeated on twelve separate occasions, we 
approximated this therapeutic heparin concentration by adding 0.1 unit per 
milliliter heparin to the plasma during the 1:2 dilution immediately before de- 
fibrination, i.e., 0.5 ml H. Pl. + 0.4 ml. 0.25 unit per milliliter Hep. + 0.1 ml. Thr, 
the rest of the assay procedure being continued in the usual way. In each ease, 
a parallel control was run without the heparin. The average unitages (range in 
parentheses) were as follows: 1, with heparin: 233 (224 to 240); 2, controls, 
without heparin: 201 (192 to 212). In four additional experiments, a similar 
amount of heparin was added after defibrination, giving the data 194 (184 to 
202), which were not significantly different from the foregoing data for the 
controls, thus proving that this small concentration of heparin is without any 
effects on the first or second phases of the clotting mechanism. The significant 
increase in unitage in all the tests (1) on heparinized plasma is wholly unex- 
pected and poses new and difficult problems. The following experiments offer a 
number of points, most of them negative, in weighing the evidence thus far 
available. 

With the small amount of heparin present, the defibrination clotting time 
vy the 10 unit thrombin (per milliliter mixture of step II) was only slightly 
lengthened, 19 see. instead of 15 see., i.e., just enough to indicate that the heparin 
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was adding some antithrombie value. If anything, this might be expected to 
enhance the rate of disappearance of the added thrombin after the defibrination. 
Actual tests of the defibrinated plasmas (with and without heparin), 0.2 ml. 
sample added to 0.2 ml. 1 per cent fibrinogen, after the usual ten minutes allowed 
for the antithrombins to inactivate the added thrombin, gave clotting times 
longer than 20 min. in both cases. Thus, there is no a priori reason or experi- 
mental observation to suggest any persistence of the thrombin used for defibrina- 
tion. 

IIT. Experiments with purified prothrombin solution, Two-stage (modified ) 
prothrombin assays were performed on mixtures of 0.5 ml. Pro. (0.02 per cent) 
with (1) saline, (2) thrombin, (3) thrombin and fibrinogen, (4) thrombin, 
fibrinogen, and heparin. Table V gives details of these mixtures and the assay 
data. Note the following: (1) The artificial addition of thrombin-fibrinogen 
(with subsequent defibrination ) increases the assay unitage especially significant- 
ly when heparin is present, in a manner apparently similar to the observations 
of the plasma experiments of the preceding section. The small amount of 
thrombin added is readily demonstrable in the special clotting tests of the last 
eolumn (Table V) in which 0.2 ml. of mixture (after defibrination in tests 3 
and 4) was added to 0.2 ml. 1 per cent fibrinogen. There being no antithrombin 
present, the slight weakening of the thrombin after simple defibrination (test 3) 
and more marked loss after defibrination in the presence of heparin are probably 
due to adsorption loss on the fibrin eclot.'° 


TABLE V. ASSAY OF PURIFIED PROTHROMBIN IN PRESENCE OF THROMBIN, FIBRINOGEN, HEPARIN 








| 
| 
| | ASSAY 
| UNITS* 
| PRO. | eR, HEP. | F, | SALINE | (PER ML. THROMBIN 
|(81 U/ML.) |(50 U/ML.) | (0.5 U/ML.) | (1.5%) |(0.9% NACL) |‘ ORIGINAL”? TEST 
a | ML. | mam | wm | Mm | Mle (PRO. ) C.T. (SEC.) t 
7 | we i - +: - i... | - | =. | -— 
2 | O85 01 | - | - 04 | so TCU 
3 0.5 0.1 - | 02 0.2 89 15 
| 
4 0.5 0.1 0.2 | o2 | = 100 20 





*At final dilution 1:100. 
70.2 mixt. (after defibrination in tests 3 and 4) + 0.2 ml. 1 per cent Fi: clotting time, 
seconds, at 28° C, 


That the added thrombin is diluted out and is not enough to affect the assay 
values is evident from the similarity of tests 1 and 2. Considering the possibility 
(Ware and Seegers') that the thrombin might possibly be gradually destroy- 
ing some of the prothrombin, test 2 was repeated with a sixty-minute incubation 
of the prothrombin and thrombin. Exactly the same unitage (80 units per 
milliliter) was subsequently found, so that this possibility seems ruled out in the 
present experiments, as it must, of course, be in all valid plasma prothrombin 
assays. Testing the undiluted mixtures, after defibrination, with thrombin 
proved the defibrination to be complete, and the fact that the unitage in test 3 
was slightly higher than in test 1 shows that no prothrombin could have been 
lost by adsorption onto the fibrin clot. 
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EFFECTS OF ADDED FIBRINOLYSIN 


A potent preparation of bovine serum fibrinolysin (lysin—see reagents) * 
was tested in very much the same manner as heparin in the preceding section 
of these studies. 


A. Effects of fibrinolysin in ‘‘second phase.’’ Fibrinogen (F,) was diluted 
to 1.0 per cent with saline solution containing 0.1 per cent lysin, to give a lysin 
concentration of 0.33 mg./per milliliter of fibrinogen and one-fifth of this in the 
final clotting mixture, containing approximately 1 unit of thrombin activated in 
the usual way in defibrinated diluted human plasma. In eight tests (1) with 
fibrinolysin: the assay units were 219 (182 to 238); (2) without fibrinolysin : 
222 (206 to 248), i.e. not significantly different. 

The enzyme was added only a few minuies before the test so that there was 
no significant fibrinogenolysis. Clot lysis was not timed but was a matter of 
several hours. 


B. Effects of fibrinolysin in “*‘ first phase.’’ Running several (three to five) 
experiments in each series, fibrinolysin (0.0067, 0.0075, 0.075 meg./per milliliter 
incubation mixture) was added (a) immediately after defibrination, (b) with 
the serum-saline diluent, or (¢) with the incubation mix. The optimal ineuba- 
tion times were not significantly altered and the assay values, 245 + 20 units per 
milliliter, were practically the same as controls (without fibrinolysin), 230 + 15, 
within probable limits of experimental error. 


C. Effects of adding fibrinolysin to plasma. 0.4 ml. 0.75 mg./per milliliter 
fibrinolysin added to 0.5 ml. plasma before defibrination was equivalent to 0.0075 
mg./per milliliter lysin in the ineubation mixture. Assays (1) with the fibrino- 
lysin averaged 238 units per milliliter, and (2) controls, without enzyme, 235 
units per milliliter, i.e. practically identical values. 


CONCLUSIONS 


With sufficient experience in the preparation and testing of reagents, con- 
trolling the latter for possibly significant impurities, and determining optimal 
concentrations, times, and conditions at each of the several steps, the two-stage 
method of plasma prothrombin assay, in either the original? or modified’ form, 
gives reliable results within an experimental error of some 10 per cent. 

Purified prothrombin, freshy assayed for actual unitage at the time of tests, 
‘an be quantitatively ‘‘recovered’’ in assays made when the prothrombin is 
added to plasma either before or after defibrination. 

Heparin in ‘‘unphysiologic’’ concentrations reduces the assay values when 
added to the final clotting mixture, and when added at any step during the 
dilution (after defibrination) and activation of the plasma, prevents assayable 
quantities of thrombin from forming, even when the heparin concentration is 
reduced so as to have very little “second phase” effect. In therapeutic con- 
centrations, corresponding to about 0.1 unit per milliliter whole blood, heparin 
does not exert any inhibitory effects but, when added to plasma before defibrina- 
tion, gives a significant elevation of the assay values. 
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By finding a similar phenomenon when purified prothrombin is artificially 
treated with thrombin-fibrinogen and defibrinated, with or without these small 
amounts of heparin, we conclude that this anomalous phenomenon depends in 


some way upon the defibrination. However, it is not explained in any simple 
manner. 

Small amounts of fibrinolysin do not significantly modify the plasma pro- 
thrombin determinations. 

The two-stage technique gives data concerning the stability of prothrombin 
solutions and particularly on the yields of thrombin resulting from *‘‘spontane- 
ous’’ activation which are not in agreement with the old method of determining 
‘‘relative’’ thrombie potency in terms of varying clotting times. The validity 
of the latter is supported by data given in Table I. 

In summary, it is concluded that there is still a lot to be learned about the 
true significance of the ‘‘units’’ obtainable by the two-stage method under a 
variety of circumstances of experimental and practical significance. The ability 
to obtain good assay ‘‘recoveries’’ of added purified prothrombin is the best 
evidence that the test is usually a reliable measure of plasma prothrombin 
activity. 
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ENZYME STUDIES ON HUMAN BLOOD 
VU. Tue Errect or FisrinoGEN CONCENTRATION ON THE THROMBIN 
CLOTTING TIME 
GEORGE Y. SHINOWARA, PH.D., AND LouIs ROSENFELD, M.S.* 

COLUMBUS, OHIO 


HE determination of fibrinogen is of importance in the investigation of not 

only the coagulation mechanism but also of other physiologic and pathologie 
processes. The methods used chiefly in recent years have been those of Howe,' 
Cullen and Van Slyke,? Gram,* Foster and Whipple,t and Wu.’ An analytic 
principle finding increasing use is electrophoretic resolution® * of whole plasma 
coupled with Kjeldahl nitrogen determination. 

With the development of the low temperature-low ionic¢ strength principle 
by Cohn and co-workers,® a new basis for the separation of fibrinogen as Frac- 
tion I was made available. Edsall and associates® have investigated Fraction 
I obtained from pooled plasma with electrophoresis and by thrombin-clottable 
protein determinations. More recently, Pearsall and Chanutin'’® have analyzed 
with electrophoresis and Kjeldahl whole plasma and Fraction I prepared from 
20 ml. samples of normal plasma with a modified low temperature procedure 
They reported their results as the ¢ compenent in Fraction I and in other frae- 
tions. 

Previous work" in this laboratory indicated the possibility that fibrinogen 
in Fraction I could be estimated by thrembin clotting time determinations at 
coneentrations below the optimum for the substrate. It was also shown that 
plasma proteins have a marked influence on the thrombin-fibrinogen reaction.'* 
The determination of fibrinogen on a fraction low in other plasma proteins and 
obtainable from a small specimen was made possible by the development of 
the new homologous isolation procedure for prothrombin.'® In the first stage 
of this technique fibrinogen is separated out quantitatively as Fraction I by 
Method 6 of Cohn and associates® applied to 4.0 ml. of citrated plasma. This 
communication reports the plasma fibrinogen concentration levels derived by 
clotting time determinations of diluted Fraction I solutions and standard throm- 
bin reagent. These results are compared with those obtained by the determina- 
tion of thrombin-clottable protein’ on a total of 139 patients of the University 
Hospital and 59 students and faculty members of the College of Medicine. 


METHODS AND MATERIALS 


Preliminary Treatment of Fraction I.—The collection of blood and the separation of 
Fraction I from 4.0 ml. of citrated plasma have been described in detail in a previous com- 
munication.13 After obtaining the Fraction I precipitate, exactly 4.0 ml. of 0° citrate-phosphate 
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buffer I'/2 (ionic strength) 0.129, pH 7.213 was added without delay. The mixture was per- 


mitted to warm to room temperature with occasional gentle stirring. After twenty to thirty 


minutes the Fraction I solution was centrifuged for twenty minutes, 900 x g, room temperature, 
to remove traces of insoluble protein, if present. The supernatant solution was then de- 
canted into a clean test tube. 

The Determination of Fibrinogen by Clotting Time.—To C.8 ml. of Fraction I diluted 
with citrate-phosphate buffer was added 0.2 ml. of a standard thrombin reagent, 5.0 units 
per milliliter, and the clotting time was determined in duplicate or triplicate as previously 
described.13 For most determinations 1:10 or 1:20 dilutions of Fraction I solution were 
tested. In cases of hypo- or hyperfibrinogenemia, lesser or greater dilutions were made. In 
all cases dilutions were chosen to give a clotting time between 20 and 30 seconds. The 
standard thrombin reagent was checked daily against fibrinogen solutions at optimum con- 
centrations. The following equation was employed for the calculation: 1/k t?2 x Dx C = 
per cent plasma fibrinogen, where C is the citrate dilution of plasma; and in reference to the 
diluted Fraction I, D is the dilution, t is the mean clotting time in seconds, and k is 0.0975. 
The foregoing equation was simplified as follows: 


256 
—- x D x C = per cent plasma fibrinogen. 


of 


The mean k factor should be determined ut several concentration levels of fibrinogen by each 
laboratory. 

Estimation of Thrombin-Clottable Protein.—Into a 15 ml. centrifuge tube were pipetted, 
in order, 2.0 ml. of thrombin, 2 units per milliliter, 6.0 ml. of citrate-phosphate buffer, and 
2.0 ml. of the Fraction I solution. The contents were mixed by inversion and allowed to 
stand for two hours in a 37.5° water bath. The fibrin was loosened with an applicator stick 
and then removed by centrifugation for fifteen minutes at room temperature and 900 x g. 
Protein determinations were done by chemical and/or physical procedures on the supernatant 
solution (nonclottable protein), on a 1:10 dilution of the Fraction I solution (total protein), 
and on a 1:5 dilution of the thrombin reagent (blank). 

The tyrosine equivalents of the foregoing solutions were determined by the method of 
Folin and Ciocalteu.14,15 Readings of per cent transmission were made on the Coleman 
Junior spectrophotometer at 650 my, five minutes after the addition of the phenol reagent. 
Generally 4.0 ml. aliquots of diluted protein solutions as obtained above were tested. The 


. ; ‘ 100 ml. 
following equation was employed for the calculation: Gm. » —— 16 x C = per cent 


protein where Gm, refers to the actual grams tyrosine found colorimetrically; V is the 
actual volume in milliliters of the original protein solution tested; 16 is the chromogenic 
factor for Fraction I in regard to chemically pure tyrosine; and C is the correction for the 
citrate dilution of plasma. Tyrosine values for nonclottable protein were corrected for the 
thrombin reagent blank. Thus the fibrinogen cencentration was found by subtracting the 
per cent nonclottable protein from the per cent total protein in Fraction I. 

The protein concentrations of the various solutions already described were also deter- 
mined directly by ultraviolet absorption. The optical densities of the diluted Fraction I, 
the nonclottable portion of Fraction I, and the thrombin reagent were read directly against 
citrate-phosphate buffer reference at 280 mu on the Beckman quartz spectrophotometer with 
ultraviolet accessory (Model D.U). The following equation was employed for the calculation: 


Os dNC-d THR |. ; 
277 10 j - ee ] x C = per cent fibrinogen, 


9°77 


where d T — density of the total protein solution; 12.77 is the K factor of the total protein 
solution; d NC = density of the nonclottable protein solution; d THR = density of the 
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thrombin reagent blank; 11.71 — K factor for the nonclottable protein solution; 10 is the 
dilution of the total protein solution; 5 is the dilution of the nonclottable protein solution; 
and C is the correction for the citrate dilution of plasma. 


RESULTS 


The tyrosine equivalents of Fraction I and the nonclottable protein of this 
fraction were determined directly on protein solutions of known concentrations 
established gravimetrically rather than by Kjeldahl nitrogen determinations. 
Fraction I was prepared from 2 liter lots of surplus human plasma by Method 
6 of Cohn and co-workers. The Fraction I precipitate was lyophilized, initial 
temperature —25° C., and pressure 30 micra mereury, and then stored in vacuum 
over silica gel. A 1.0 per cent suspension of Fraction I in citrate-phosphate 
buffer was heated at 56° C. for five minutes. After centrifugation the super- 
natant fluid was lyophilized. For the colorimetric determinations, 0.10 per cent 
(by weight) suspensions in citrate-phosphate buffer of fresh Fraction I and of 
nonclottable protein were prepared. The latter was corrected for salt content. 
The chromogenic factor in respect to chemically pure tyrosine as determined by 
the Folin-Ciocalteu’* }° reagent was found to be 16.03+ S.D. 0.74 for Fraction 
I (ten experiments), and for the nonelottable portion of Fraction I, 15.96+ 
S.D. 0.88 (five experiments). Wu? stated that 1 mg. tyrosine is equivalent to 
16.4 mg. fibrin. Andersch and Gibson’® reported a tyrosine chromogenic factor 
of 13.0 for fibrinogen. 


The completeness of removal of fibrinogen as Fraction I by the low tempera- 
ture method® as done in this laboratory on 4.0 ml. of citrated plasma was deter- 
mined. In 348 consecutive fractionations, the fibrinogen concentration in the 
pH 5.05 prothrombin fraction,’® which is removed from the plasma after the 
Fraction I, was found to range between 0.00 and 0.01 per cent with a mean of 
0.004 per cent. This amount represented less than 1.5 per cent of the total 
plasma fibrinogen. In other words, more than 98 per cent of the plasma fibrino- 
gen was removed in Fraction I. Subsequently, this recovery has been found 
to be even greater if the aleohol-plasma mixture is stirred thirty minutes rather 
than ‘‘at least fifteen additional minutes’’ as previously reported. 

Fig. 1 represents clotting time determinations on 285 solutions of Fraction 
I obtained from normal and pathologie individuals. Each determination is the 
average of at least three clotting time tests. Each experimental value is the 
composite of results obtained on four to thirty-three diluted Fraction I solu- 
tions of known clottable protein concentration as determined chemically. The 
relationship between per cent fibrinogen concentration (¢) and clotting time 
in seconds (t) can be expressed by the equation k = 1/c t? (curve, Fig. 1). This 
constant (k) determined from 145 diluted Fraction I solutions of known fibrino- 
ven concentrations between 0.012 and 0.025 per cent and clotting between 20 
and 30 seconds was found to be 0.0975. Between the foregoing limits it is evi- 
dent that this theoretical curve coincides with the experimental values. Above 
30 seconds clotting time, deviation from theory can possibly be explained on 
the basis that the fibrinogen concentration is of such low magnitude that the 
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endpoint is difficult to observe accurately. Below 20 seconds clotting time there 
is also deviation from theory since the concentration is approaching the optimum 
(0.1 to 0.3 per cent) for the thrombin-fibrinogen reaction.” 

Concomitant fibrinogen results obtained by clotting time and by chemical 
means on Fraction I solutions from 145 normal and pathologic individuals are 
shown in the seatter diagram, Fig. 2. In the former technique Fraction I was 
diluted to give a clotting time between 20 and 30 seconds. When clotting times 
at two dilutions fell in this range the protein concentration values obtained were 
averaged. In more than two-thirds of the 145 specimens the maximum devia- 
tion in the fibrinogen concentrations obtained by the two techniques was 10 per 
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Fig. 1.—The effect of fibrinogen concentration on the thrombin clotting time. The dot 
represents the mean clotting time of several Fraction I solutions; the figure in parentheses 
indicates the number of solutions tested; and the curve is the theory or k = 1/c t®. Standard 
thrombin, 0.2 ml., 5 units per milliliter added to 0.8 ml. fibrinogen solution. [/2, 0.129; pH 7.2. 


Ultraviolet absorption studies on Fraction I and on the nonelottable sub- 
fraction showed a maximum extinction at 280 mp» and a minimum extinction 
at 254 mp. Kunitz'’ found that a typical protein has a maximum extinction 
at 280 mp» and a minimum extinction at 252 mp. Density (d) measurements 
were made on 139 solutions of nonlipemie Fraction I and 133 solutions of non- 
clottable subfractions in which the actual protein concentrations (¢) were de- 
termined chemically. K factors were then calculated according to the equation 
K =d/e, and are recorded in Table I. The density readings at 280 mp show 











ane Ani 














al 
be vetcetapatay seal 


Afione sae natalie a 









































ENZYME STUDIES ON HUMAN BLOOD 307 
TABLE I. THE RELATIONSHIP (K) OF OPTICAL DENSITY (d) AND TOTAL AND NONCLOTTABLE 
PROTEIN CONCENTRATIONS (¢) OF FRACTION I aT 280 mu AND 254 mu 
WAVE I a Fe RO me _k>=d/e Se) a ee 
LENGTH ia TOTAL PROTEIN = 7 NONCLOTTABLE PROTEIN* 
(Mp) n | MEAN | +S.D. C.V.% | n MEAN +S.D. | C.V.% 
280 139 =| 12.77 | 0.677 5.30 33. | 11.71 | 0974 | 8.32 
254 139 =| 5.76 0.555 | 963 | 133 =| «5.49 | 0.735 | 13.20 
*Corrected for thrombin blank, - ; _ gig 
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Fig. 2.—Scatterdiagram of plasma fibrinogen concentrations by clotting time and thrombin- 
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a greater sensitivity per milligram of protein concentration than those at 254 
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The concomitant results on 129 samples obtained by chemical determina- 


tion and by ultraviolet absorption at 280 my are shown in the scatter diagram, 


Mig. 3. 


In more than two-thirds of the 129 specimens the maximum deviation in 


the fibrinogen concentration obtained by the two techniques was 10 per cent. 


The mean plasma fibrinogen content of healthy, nonhospitalized, male and 
‘emale adults, 20 to 60 years old, by clotting time and thrombin-clottable pro- 


‘ein determinations are shown in Table TI. 


vere almost identical. 


The results by the various methods 
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TABLE II, NORMAL PLASMA FIBRINOGEN VALUES AS DETERMINED BY Two METHODS 
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| MEAN | +S.D. OV. 
METHOD m % % % 
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3.—Scatterdiagram of plasma fibrinogen concentrations determined chemically and 
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individuals. 


DISCUSSION 


The results in the present work demonstrate primarily that the clotting time 
in seconds (t) of 0.2 ml. standard thrombin, 5 units per milliliter, and 0.8 ml. 
human Fraction I* solutions of less than 0.025 per cent fibrinogen concentration 
(c) ean be expressed by the equation: k = 1/e t?. 
practical applications in this laboratory. 
and rapid determination of fibrinogen concentrations. 
tients to be reported elsewhere, there was apparently afibrinogenemia by the 
determination of thrombin-clottable protein. 
technique, it was found that fibrinogen in a low concentration was actualls 
This discrepancy in these cases was explained by the observation that 
the clot dissolved in less than thirty minutes after its formation. 


This finding has had several 
It has served as a basis for a simple 
Moreover, in a few pa- 


However, by the clotting time 
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The mean normal fibrinogen concentration of 0.26 per cent found in the 
present study is in agreement with the observations of other workers* '*-?? who 
with phenol reagent or Kjeldahl determined the fibrin obtained by the addition 
of calcium chloride to whole plasma. Significantly lower values were found by 
Trevorrow and co-workers** who employed sodium sulfate to separate fibrinogen. 
Considerably higher levels have been reported by those employing electrophoresis 
and Kjeldahl on whole plasma 7° **?? and on Fraction I.!° 27 Thus, electro- 
phoretie and Kjeldahl data of Pearsall and Chanutin’® indicate the following 
normal fibrinogen concentrations: Fraction I, 0.266 per cent; all fractions, 
0.642 per cent; and whole plasma, 0.474 per cent. The foregoing values were 
ealeulated by the present authors from the ¢ component and with the assumption 
that protein contains 16 per cent nitrogen. The higher values obtained by elec- 
trophoresis are attributed by Edsall and associates’ to the incomplete resolution 
of the fibrinogen peak from the slowest components in the f-globulins. These 
authors found the mean fibrinogen concentration to be 0.28 per cent in twelve 
pooled normal plasma samples; Kjeldahl determinations were done on fibrin 
obtained by thrombin. 


SUMMARY 


Fraction I was obtained from 198 normal and pathologic individuals by the 
low temperature-low ionic strength method as applied to 4.0 ml. samples of 


79 


plasma. It was found that at pH 7.2 and '/2 0.129, the clotting time in seconds 
(t) of 0.2 ml. of standard thrombin, 5 units per milliliter, and 0.8 ml. diluted 
Fraction I solutions of less than 0.025 per cent fibrinogen concentration (¢) can 
be expressed by the equation: k=1/et*®. This relationship of a variable concen- 
tration of substrate with a constant poteney of enzyme is the basis for a simple 
and rapid determination of fibrinogen. The results by this method are com- 
pared with those obtained by thrombin-clottable protein determination. The 
mean fibrinogen coneentration of fifty-nine normal individuals was found to be 
0.26 per cent + S.D. 0.05 per cent. 


The authors wish to acknowledge the excellent technical assistance in the plasma frac- 
tionations of Mrs. Marian M. Starkey and Mrs. Dolores M. Johnston. 
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ENZYME STUDIES ON HUMAN BLOOD 
LX. THE FIBRINOGEN CONTENT OF STORED PLASMA 


; Louis ROSENFELD, M.S.,* ANpD GroRGE Y. SHINOWARA, PH.D. 
COLUMBUS, OHIO 


ESPITE the importance of fibrinogen, the quantitative study of its stability 

in stored human plasma has received scant attention. Sterile citrated or 
oxalated plasma standing at 4° C. has a tendency to form a precipitate’ * * be- 
lieved by some* *® to be fibrin and to be fibrinogen by others.‘ Flocculation 
reaches a maximum in a few hours, according to Strumia and MeGraw,* while 
White and Weinstein’ state that it begins in seven to ten days and increases 
rapidly throughout the first few months of preservation. At room temperature 
flocculation is almost eliminated® or lessened, and most frequently seen in one 
to three months of storage.° Taylor and associates® report normal fibrinogen 
after six months’ storage of citrated plasma at room temperature, ‘‘when it 
was possible to determine it’’; while it could not be determined in the older 
liquid plasmas because of failure of the clotting mechanism. Lipp and Hubbard? 
L report increases in fibrinogen from 0.26 to 0.55 per cent and from 0.195 to 0.39 
per cent in the plasma of citrated blood stored aseptically at 4° C. up to thirty- 

six days. Lord and Pastore’? report no significant change in average fibrinogen 





; iH levels in three weeks of storage of bank blood at refrigerator temperature. Elec- 
a trophoretic analysis by Krejei and co-workers"! of four samples of sterile pooled 
liquid plasmas stored at room temperature for three years showed a complete 
absence of fibrinogen. However, Seudder’? by electrophoretic determinations 
showed no difference in ¢@ component in twelve citrated bank plasmas refrigerated 
for twelve to fifty-three days and in three samples of fresh normal citrated 


plasma. 
n Some investigations on prothrombin stability in plasma have included ob- 
, servations on qualitative changes in fibrinogen. Thus Banfi and co-workers‘ 
a attribute the noneoagulability of plasma stored five months at refrigerator tem- 


perature to an alteration or disappearance of the fibrinogen. Loomis and 
Seegers'® have postulated that fibrinogen is denatured during refrigerator stor- 
age of human plasma and its decreased reactivity was responsible for the de- 
layed prothrombin clotting times by the one-stage technique. Alexander and 
DeVries'* claim that the fibrinogen of stored plasma becomes progressively less 
coagulable. In contrast to the previous investigators, Quick’ states that fibrino- 
gen is not appreciably altered in activity in plasma stored for forty-eight hours, 
while Honorato’® believes this protein on storage becomes more easily coagulable. 

For some time in this laboratory Fraction I has been prepared from large 
olumes of stored plasma by the low temperature-low ionic strength method of 
(‘ohn and associates.'? In addition, methods for the determination of fibrinogen 
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in Fraction I obtained from small volumes of plasma have been developed.'* 
Therefore, in view of the discrepancies in the status of fibrinogen in stored 
plasma, this communication presents preparative and analytic data on six 
samples of liquid plasma stored up to seven and a half months, one frozen sample 
stored for fifteen months, and thirteen dried samples stored from forty-eight 
to seventy-two months. 


METHODS AND MATERIALS 


Liquid Plasma.—The aged liquid samples were prepared by the University Hospital 
blood bank in routine manner; plasma from 8 units of citrated whole blood stored approxi- 
mately two weeks at 3 to 5° C. was pooled and maintained at the same temperature for fou 
to seven and a half months. Prior to the preparation of Fraction I, the stored liquid plasma 
was filtered through gauze to remove any fibrin veils or other gross particulate matter which 
invariably appears during storage.1-7 

Frozen Plasma.—Approximately 500 ml. of blood were collected by the blood bank from 
each of four normal adult male subjects. The sterile citrated whole blood was then brought 
was begun within thirty minutes after 


to this laboratory, where centrifugation at +1° C. 
venipuncture. The four samples of plasma were then pooled and Fraction I was prepared 
according to Method 6 of Cohn and co-workers.17 A sample of the pooled sample was stored 
in a -25° C. refrigerator for fifteen months. 

Dried Plasma.—The starting material was surplus Army-Navy normal human dried 
plasma as collected by the American Red Cross and processed by private concerns. The age 
of each preparation was calculated from the five-year expiration date. The dried plasma was 
reconstituted with 0.1 per cent citric acid to the volume of the ‘‘original normal plasma’’ 
as indicated on the container. 

Preparatin of Fraction I.—Fraction I was prepared from 2 liter lots of plasma accord- 
ing to the method of Cohn and associates.17 Fraction I was lyophilized, begining temperature 
-25° C., pressure 30 micra. The dry powder was weighed and stored in a vacuum desiccator 
over silica gel. A 10 per cent suspension by weight in citrate-phosphate buffer, I'/2, 0.129, pH 
7.2, was stirred for fifteen to twenty minutes and then centrifuged, 900 x g, to remove 
traces of insoluble material. The supernatant was then analyzed for total protein and 
thrombin-clottable protein.18 Thus the fibrinogen content of stored plasma by the preparative 
technique was calculated from the yield, solubility, and the per cent thrombin-clottable protein 
of Fraction I obtained from large volumes of sample. 

Analytical Determination of Fibrinogen.—Fibrinogen was also determined directly on 
1.0 ml. samples of stored plasma by the chemical method recently described.18 


RESULTS 


In Table I are found the average fibrinogen contents, determined by two 
procedures, of liquid, frozen, and dried normal plasma stored for varying 
lengths of time and temperature. They are compared with the values for fresh 
normal plasma previously reported.1* The values obtained by the preparative 
procedure were calculated from the data on Fraction I isolated from 2 liter 
lots of pooled plasma. They are in excellent agreement with those obtained 
directly by the 4.0 ml. analytie technique. 

The six samples of pooled liquid plasma stored an average of 5.6 months 
at 3 to 5° C. had a mean fibrinogen content comparable to that found for fresh 
plasma. There was no correlation between the fibrinogen content and the ag 
in this group of samples, which varied from four to seven and a half months 
In one experiment Fraction I was prepared from 1 liter of plasma obtained 
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from four individuals and which was less than sixty minutes old. The data 
on Fraction IT indieated a fibrinogen content of 0.2280 per cent. A small por- 
tion of this same plasma was stored at —25° (. for fifteen months, at which time 
the fibrinogen content was 0.2385 per cent by the analytic technique. The mean 
fibrinogen content of the thirteen dried plasma samples was not significantly 
different from that of the mean value of fresh normal plasma. 


DISCUSSION 

In general, the results in the present study demonstrate that fibrinogen is 
stable in liquid, frozen, and dried plasma for at least the periods of time in- 
dicated. There is no significant difference in the fibrinogen content of these 
stored samples and of fresh normal plasma. Qualitative changes in fibrinogen, 
i.e., increased or decreased reactivity, have not been observed in this labora- 
tory. In a series of coagulation studies,'’?> Fraction I solution with optimum 
fibrinogen concentration’? has been employed as the reagent for the thrombin 
titration. This reagent has the same reaction time with one unit of thrombin, 
whether prepared from fresh or stored plasma. 


SUMMARY 


Normal human plasma stored at refrigerator temperature up to seven and 
a half months, frozen at -25° C. for fifteen months, and in a dried form from 
four to six years was analyzed for fibrinogen by two procedures. Results in- 
dicated that fibrinogen is stable in plasma stored under these conditions. 


The valuable technical assistance of Mrs. Marian M. Starkey and Mrs. Dolores M. 
Johnston is gratefully acknowledged. 
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LABORATORY METHODS 


A NEW METHOD FOR THE DETERMINATION OF FIBRINOGEN 
IN SMALL SAMPLES OF PLASMA 


Oscar D. Ratnorr, M.D.,* AND CALVIN MENzIE, A.B. 
BALTIMORE, Mbp. 


HE techniques currently available for measuring the amount of fibrinogen 

in small samples of plasma are tedious and time consuming. Recently, 
Morrison! reviewed the methods which have been used for this determination. 
In one approach, fibrinogen is precipitated from plasma by adding various salts 
in high concentration. However, fibrinogen cannot be separated satisfactorily 
in this way from other plasma globulins with similar solubilities. A second 
approach is to convert fibrinogen to fibrin, and then to measure the amount of 
fibrin chemically or physically. The accuracy of methods utilizing this prin- 
ciple depends upon the completeness with which the fibrin can be washed free of 
other proteins. This washing process is difficult because fibrin cannot be sepa- 
rated from diluted serum by centrifugation at ordinary speeds, using tech- 
niques previously published. 

The present report describes a simplified method for the determination 
of fibrinogen in plasma. Plasma is pipetted into a centrifuge tube containing 
crushed glass and a dilute solution of thrombin. Sufficient thrombin is used to 
shorten the time necessary for complete clotting three- to sixfold compared with 
older methods. The mixture is agitated while clotting occurs. The fibrin strands 
as they form adhere to the particles of glass. The fibrin can then be separated 
from the serum by centrifugation at low speeds. The amount of fibrin thus 
precipitated is determined chemically. The technique to be described permits 
the accurate and rapid determination of the amount of fibrinogen in samples 
of normal plasma as small as 0.1 ml., one tenth the amount used in methods pre- 
viously described. 

METHODS 

Nomenclature.—The term fibrinogen will be used to describe the component of plasma 
which is clotted by thrombin. The term fibrin will refer to this clotted fibrinogen, as meas- 
ured by the technique described. Since other plasma proteins are probably adsorbed onto 
this clot, the term fibrin will not be used to imply a purified protein. Alkaline solutions of 
fibrin react with Folin and Ciocalteu phenol reagent. This property of fibrin will be referred 
to as its tyrosine-like activity. 
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Procedure for the Determination of Fibrinogen in Plasma.—Venous blood was drawn 
from the antecubital vein of human subjects. The blood was immediately transferred to 
Pyrex centrifuge tubes containing 0.2 ml. of an oxalate mixture for each 5 ml. of blood. 
The oxalate mixture consisted of 0.8 mg. of potassium oxalate and 1.2 Gm. of ammonium 
oxalate in each 100 ml. of solution.2 In a few instances citrated blood was used instead. 
The plasma was separated by centrifugation for ten minutes at 2,000 r.p.m. in a Sorval 
angle centrifuge (rim diameter 10 in.). 

Pyrex glass was crushed in a mortar so that the diameter of the largest particles was 
approximately 0.5 millimeter. No attempt was made to grade this crushed glass, nor to 
remove any glass dust. The crushed glass was used repeatedly, and washed between each 
use with chromic acid, 

To a 40 ml. round-bottomed Pyrex centrifuge tube were added, in succession, approxi- 
mately 0.5 ml. of crushed glass, 10 ml. of 0.85 per cent sodium chloride solution, and 0.05 
ml. of a solution of thrombin (Parke Davis) containing 1,000 National Institutes of Health 
units per milliliter. Finally, 0.5 ml. of the plasma to be analyzed were pipetted into the tube, 
which was then agitated with an oscillatory motion. When 0.5 ml, of plasma were not avail 
able, samples of plasma as small as 0.1 ml. were used. As clotting occurred, the fibrin strands 
adhered to the particles of glass. With active preparations of thrombin, clotting appeared 
to be complete within two to three minutes. Sometimes clotting continued after shaking 
had been discontinued. Further agitation and rotation of the tube resulted in adhesion 
of this new-formed clot to the fibrin already attached to the glass. 

After approximately ten minutes, the tube containing clotted fibrin was centrifuged 
for five minutes at 2,000 r.p.m. in the angle centrifuge. The supernatant solution was de- 
canted and discarded. Next, 10 ml. of sodium chloride solution were added to the fibrin 
clot. The clot was carefully expressed against the wall of the centrifuge tube with a glass 
rod. The fibrin was again separated by centrifugation for three minutes, washed once more 
with 10 m. of saline solution, and recentrifuged for three minutes. The supernatant solution 
was discarded after each centrifugation. 

The amount of fibrin adherent to the crushed glass was determined by a minor modifi- 
cation of the method described by Wu’ and others.4, 5,6 One milliliter of 10 per cent (w/v) 
sodium hydroxide solution was added to the centrifuge tube containing crushed glass and 
fibrin. The tube was then heated in a boiling water bath for ten minutes.?7 Evaporation 
was minimized by keeping the bath covered during this time. After the tube cooled, 7 ml. 
of water were added, followed by 3 ml. of 20 per cent (w/v) sodiwm carbonate solution and 
1 ml. of Folin and Cioealteu phenol reagent (Hartmann Leddon Co.).8 <A blue color resulted 
which was fully developed within ten minutes. This period of time was adequate in the 
presence of crushed gass, whereas in its absence color development required thirty minutes. 
A 1 ml. aliquot of colored solution was diluted with 3 ml. of water. A blank was prepared 
by exactly duplicating the procedure outlined, adding thrombin to glass, centrifuging and 
washing the glass, and so forth, except for the addition of plasma. The intensity of the 
color was read against the blank in a Coleman Junior spectrophotometer, at a wave length 
of 650 mu, using cuvettes with an internal diameter of 10 millimeters. 

The amount of fibrin in the plasma tested was estimated by comparing the intensity 
of the developed color with that of 1 ml. of a standard solution of tyrosine. This standard 
contained 200 mg. of tyrosine per liter of 0.1N hydrochloric acid solution. One milliliter of 
tyrosine solution was pipetted into a 40 ml. centrifuge tube. In succession, 1 ml. of sodium 
hydroxide solution, 6 ml. of water, 3 ml. of sodium carbonate solution, and 1 ml. of phenol 
reagent were added. A blue color resulted which was similar to that found in the reaction 
of fibrin and phenol reagent. One milliliter of the colored solution was diluted with 3 ml. 
of water and after ten minutes the intensity of the blue color was read against a blank. 
This blank was prepared in the same way as the standard solution, except that 1 ml. of water 
was substituted for the tyrosine. It will be noted that this blank is not identical with that 
used for reading the color of solutions of fibrin. 
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The optical density of the developed color was directly proportional to the concentration 
of fibrinogen or tyrosine until an amount equivalent to 0.35 mg. of tyrosine was reached. 
When the intensity of color developed in an unknown solution was greater than that produced 
by 0.35 mg. of tyrosine, the equivalent amount of tyrosine was estimated with the aid of a 
calibration curve. 

The data for developing the calibration curve were as follows. The optical density 
of the color developed in the reaction between solutions of fibrinogen or tyrosine and Folin 
and Ciocalteu reagent is shown in Fig. 1. Varying amounts of tyrosine were diluted with 
water to 7 milliliters. Then, 1 ml. of 10 per cent sodium hydroxide solution, 3 ml. of 20 
per cent sodium carbonate solution, and 1 ml, of phenol reagent were added in succession. 
After ten minutes, 1 ml. of this colored solution was diluted with 3 ml. of water and the 
intensity of the color was read against a blank. The optical densities of the colors developed 


in solutions of 0.02 to 0.3 mg. of tyrosine are plotted with cross marks (+). 
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Fig. 1.—Calibration curve for determining the relationship between optical density and 
concentration of fibrinogen. 


A sample of oxalated plasma was diluted to varying degrees with sodium chloride 
solution. The tyrosine-like activity of the fibrinogen in 0.5 ml. of each dilution of plasma 
was determined by the technique described in this section. The tyrosine-like activity of 
one such dilution was plotted arbitrarily on the tyrosine curve. The activity of the other 
dilutions was then plotted relative to this first point, in proportion to the degree of 
dilution, For example, the optical density of the fibrinogen of a sample of 0.5 ml. of 
plasma was 0.262. This point was plotted directly on the tyrosine curve at a point 
equivalent to 0.2 mg. of tyrosine. The optical density of the fibrinogen of 1.0 ml. of 
plasma was then plotted on the curve at a point equivalent to 0.4 mg. of tyrosine. The 
data of many such experiments were then plotted in the same manner. In this way it 
was possible to determine the relationship between optical density and the concentration 
of fibrinogen beyond the point where optical density was directly proportional to its 
tyrosine-like activity. 
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The amount of fibrinogen in the sample of plasma was calculated by multiplying 
the weight of tyrosine giving an equivalent amount of color by the factor 11.7,. This 
conversion factor, which differs from that described by others,5-?7 was determined by 
measuring the tyrosine-like activity and the nitrogen content of duplicate samples of 
fibrin. The total nitrogen content of the fibrin was determined by the method of Koch 
and McMeekin,® and the weight of the fibrin was then obtained by multiplying its nitrogen 
content by 5.91.10 In four experiments, the weight of the fibrin was, on the average, 
11.7 times the weight of an equivalent amount of tyrosine; the standard error of the 
mean was +0.3. The accuracy of this conversion factor was checked by measuring the 
amount of fibrinogen in a large sample of plasma gravimetrically. In two such experi- 
ments, the conversion factor was 12.4 and 11.6. The average value determined gravimetri- 
eally did not differ significantly from that obtained by the Kjeldahl method. When the 
amount of fibrinogen in 100 ml. of plasma was reported, the calculated answer was mul- 
tiplied by 1.08 to correct for the dilution of plasma by the anticoagulant solution. 

Determination of the amount of fibrinogen in plasma was usually made in duplicate. 
With samples of plasma as small as 0.1 ml., the difference between the two values obtained 
was usually less than 10 per cent of the mean value and was often considerably less. 
In recovery experiments, the fibrinogen contents of mixtures of plasma and purified 
fibrinogen,* determined chemically, varied from 99.5 to 110.0 per cent of that calculated 
from the sum of the fibrinogen contents of its components. These data suggest that a 
small error may be introduced into the determination of plasma fibrinogen by the absorp- 
tion of other proteins on the fibrin clot. 


RESULTS 


The Concentration of Fibrinogen in Normal Plasma.—The concentration of 
fibrinogen in plasma was determined in nineteen normal men and fourteen 
normal women. In the men, the fibrinogen content of plasma varied from 193 
to 415 mg., averaging 272 mg. per 100 milliliters. The standard deviation of 
this mean was 60.1, and the standard error, 13.8 mg. per 100 milliliters. In the 
women, the fibrinogen concentration of plasma varied from 164 to 366 mg. per 
100 milliliters. The mean value of the fibrinogen concentration in the female 
subjects was 294 mg. per 100 ml., with a standard deviation of 60.3 and a 
standard error of 16.1. In other words, there was no significant difference be- 
tween the concentration of fibrinogen in the plasma of men and women. The 


values obtained coincided with those reported by Gram." 


SUMMARY 


In determining the fibrinogen content of plasma, a major difficulty is its 
separation from other components of the plasma. A method has been described 
in which plasma was clotted by thrombin, in the presence of crushed glass. 
Sufficient thrombin was used to shorten the time necessary for complete clotting 
to occur. The fibrin strands adhered to the crushed glass and could be separated 
and washed by centrifugation. This technique permitted more rapid and ac- 
curate separation of fibrin from plasma than was possible with previously 
described methods, and required one-tenth the amount of plasma. The amount 
of fibrin adherent to the crushed glass was determined by measuring its tyro- 
sine-like activity by modifications of the method of Wu which materially short- 
ened the time necessary for the procedure. The complete determination could 


*Purified bovine fibrinogen was obtained through the courtesy of Dr. Walter Seegers. 
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be performed in about one hour, or one half the time required by methods pre- 
viously reported. Moreover, the technique lends itself to multiple simultaneous 
determinations more readily than the older methods. With the technique 
described, the concentration of fibrinogen in plasma averaged 272 mg. per 100 
m], in adult men and 294 mg. per 100 ml. in adult women. 


Dr. Charles P. Winsor and Dr. Clifford A. Bachrach of the Department of Biostatistics, 


School of Hygiene and Public Health, The Johns Hopkins University, aided in the statis- 
tical interpretation of the data presented. 
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A COLORIMETRIC METHOD FOR THE DETERMINATION 
OF DICUMAROL (3,3’-METHYLENEBIS 
(4-HYDROXYCOUMARIN) ) 

IN PLASMA 





SAuL RosEeMAN, PH.D., AND Howarp GREEN, M.S., M.D. 
Cuicaco, ILL. 


LTHOUGH the biologie activity of Dicumarol, 3,3’-methylenebis (4-hy- 

droxycoumarin), has long been measured by its effect on prothrombin 

time in man and animals (e.g. the procedure of Link and co-workers'), only 
recently have there been reports of chemical methods for its determination. 

In a previous investigation carried out in the laboratories of Professor 
Karl Paul Link, a method was devised for the determination of Dicumarol in 
biologic materials? and this procedure was applied to whole blood.* The method 
for the determination of Dicumarol is, briefly: (a) extraction of the Dicumarol 
from the acidified tissue with benzene, (b) reextraction of the benzene phase 
with alkali, and (ec) determination of the ultraviolet absorption at 313 mp of 
the alkaline extract containing the Dicumarol. In the presence of interfering 
substances, chromatographic adsorption was performed between steps (a) and 
(b). 

A similar spectrophotometric procedure for the determination of Dicumarol 
in biologie fluids has recently been reported by Axelrod and co-workers.* 

For clinical and physiologic investigations, a simpler method for the esti- 
mation of Dicumarol is desirable. Such a method has been devised by the 
combination of the foregoing extraction procedure with a colorimetric method 
involving the use of the Folin-Ciocalteu phenol reagent.® 


METHODS 


Reagents.—1. Dicumarol standard solution: 100.0 mg. of Dicumarol (Abbott) are 
dissolved in 200 ml. of water containing 3 ml. of 5 per cent sodium hydroxide. The solution 
is then diluted to 1 liter and stored in the refrigerator. It is stable for a least one week. 

2. 1.5N sulfuric acid. 

3. Glycine buffer: 7.0 Gm. of glycine are dissolved in 1 liter of water and the solution 
is then adjusted to pH 9.7 with 5 per cent sodium hydroxide. The buffer is stored in the 
refrigerator, and a small amount of toluene is added to prevent bacterial contamination. If 
the buffer is to be used for ultraviolet spectrophotometric analysis, the toluene must be omitted. 

4. Folin-Ciocalteu phenol reagent: The commercial reagent (Central Scientific Company) 
is stored in a brown bottle in the refrigerator. 

5. Saturated sodium carbonate solution. 

Standard Curve.—Dilutions of the stock solution of Dicumarol are made to the con- 
centration range 5 y to 50 y per milliliter. 


From the Departments of Pediatrics and Biochemistry, University of Chicago. 
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To standard Evelyn colorimeter tubes (Rubicon Company), solutions are added in the 
following order: 1.0 ml. of standard Dicumarol solution (1.0 ml. of water for the blank), 
4.0 ml. of glycine buffer, 1.0 ml. of water, 1.0 ml. of phenol reagent (shake), 3.0 ml. of 
sodium carbonate (shake). The blank should be colorless. Thirty minutes after addition 
of the sodium carbonate the optical density is determined in the Evelyn colorimeter (660 mu 
filter). The relationship of optical density to concentration (Fig. 1) although not linear is 


reproducible. 
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Determination of Dicumarol in Plasma.—To a glass-stoppered 30 ml. centrifuge bottle 
(Maizel-Gerson reaction vessel, Wilkens-Anderson Company), are added 4 ml. of plasma (or 
serum), 15 ml. of benzene, and 0.25 ml. of 1.5N sulfuric acid, and the contents are immediately 
mixed. After all tubes are prepared and stoppered, they are shaken vigorously in a mechani- 
eal shaker for not less than thirty minutes.* 

The tubes are centrifuged for five minutes, a 10.0 ml. aliquot of the benzene layer is 
transferred to a second bottle containing 5 ml. of the glycine buffer, and the mixture is shaken 
vigorously for three minutes. It is then centrifuged for three minutes, and the benzene layer 
is carefully removed with a water aspirator, To a 4.0 ml, aliquot of the remaining glycine 
layer placed in a colorimeter tube, solutions are added in the following order: 2.0 ml. of 
water, 1.0 ml. of phenol reagent (shake), 3.0 ml. of sodium carbonate (shake). The blank 
contains 4.0 ml. of buffer plus the water, phenol reagent, and sodium carbonate. The 
standard contains 1.0 ml. of Dicumarol solution in place of 1.0 ml. of water. The optical 
density is measured thirty minutes after the addition of the sodium carbonate. 

The blood of patients receiving Dicumarol frequently contains such a high level of the 
compound that less than a 4.0 ml. aliquot of the final buffer extract must be used. In such 
cases the volume must be adjusted to 4.0 ml, with glycine buffer. 


RESULTS 


Normal Plasma.—Using the method outlined, the values shown in Table I 
were obtained for a number of normal plasmas. The mean of these values was 
equivalent to 0.03 mg. per cent of Dicumarol, with a standard deviation of 0.008 
mg. per cent. In subsequent studies on plasmas of patients receiving Dicumarol, 


*A simple holder for the tubes may be prepared by boring holes of the correct diameter 
in two pieces of wood. The wood is not drilled completely through, so that one piece serves as 
a rack, while the other serves as a cover. The cover is secured to the rack by ‘bolts and wing 
nuts. Holders can be made in this manner which can handle eight or more tubes with no danger 
of breakage or loss of material. 
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TABLE I. RECOVERY OF DICUMAROL ADDED TO PLASMA 








PER CENT DICUMAROL RECOVERED* 












































PLASMA ALONE ~-:10 -Y ~ADDED TO | 30 y ADDED TO 

(mG. %) 4 ML. PLASMA 4 ML. PLASMA 

0.025 98 95 

0.025 100 94 

0.042 | 95 

0.027 105 | 98 

0.013 96 | 94 

0.030 94 | 96 

0.018 101 99 

0.040 94 95 

0.042 | 

0.040 94 95 

0.023 105 | 99 os 
0.03 + 0.008t 98.5+4.51 | 96.0 + 2.1t 








i *These values have been corrected for the normal values shown in the column Plasma 
Alone. 


{Mean + S.D. 


this mean value for normal plasma was subtracted from the total Dicumarol 
found. 

Recoveries of Dicumarol——When Dicumarol was added to normal plasma, 
the recoveries indicated in Table I were obtained. The mean recovery was 98.2 
per cent + 4.5 per cent at the 10 y level, and 96.2 per cent + 2.1 per cent at the 
30y level. 

Dicumarol Blood Levels of Patients Treated With Dicumarol.—tIn six 
patients receiving various therapeutic dosages of the drug, the Dicumarol con- 
tent of the blood was found to range from 1.3 to 3.7 mg. per cent.* 

Comparison of the Colorimetric and Ultraviolet Spectrophotometric Re- 
sults —Aliquots of the glycine extracts from plasma of patients receiving Di- 
cumarol prepared as previously described were washed twice with ether to re- 
move traces of benzene. The absorption spectra of such extracts were typical of 
Dicumarol, with maxima at 313 millimicrons. Quantitative measurements at 
313 mp showed excellent agreement with those made by the colorimetric method 
(Table IT). 


TABLE II. PLASMA CONCENTRATION OF DICUMAROL IN TREATED PATIENTS 


























COLORIMETRIC METHOD | SPECTROPHOTOMETRIC METHOD __ 
PATIENT (MG. %) (MG. %) 
; 1 1.34 1.32 
2 3.78 3.74 
3 2.06 2.05 
4 3.39 nae 
5 1.97 1.80 











Interfering Drugs—A number of common drugs were carried through the 
extraction procedure in high concentrations, to determine whether they would 
give color with the phenol reagent. Luminal, digitoxin, and heparin gave no 


*A more complete study of the relationship of blood level to dosage and prothrombin time 
is now being undertaken by E. B. Bay and M. Seide. 
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color. Penicillin and morphine yielded slight color. Aureomycin, vitamin K, 
and phenol produced considerable color. It has not been determined whether 
these substances interfere at levels found in plasma. Salicylate at concentrations 
comparable to therapeutic plasma levels yields considerable color with this 
reagent. 










SUMMARY 





A sensitive colorimetric method for the determination of Dieumarol in 
plasma has been described. The procedure is simple and easily adaptable to 
routine use. 






Recoveries of Dicumarol added to plasma at two concentration levels 4 
averaged 96 and 98 per cent. 
Normal plasma gave a value equivalent to 0.03 mg. per cent of Dicumarol. 
This figure is small when compared with the plasma values (1.3 to 3.4 mg. per 
cent) obtained from patients being treated with Dicumarol at various therapeutic 
dosage levels. However, for highest accuracy (e.g., where the Dicumarol plasma 
concentration is less than 1.0 mg. per cent) a correction may be made by sub- 
tracting the mean normal value of 0.03 mg. per cent. 
When utilizing this procedure, it must be borne in mind that certain other 
medications may produce a high false value for Dicumarol. This is true for 
phenolic compounds (e.g., salicylates) and possibly vitamin K. 
The authors are indebted to Dr. Albert Dorfman and Dr. Karl Paul Link for their 
valuable suggestions, and to Dr. E. B. Bay for supplying the necessary blood samples. 
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A CULTURE FLASK FOR THE ESTIMATION OF THE GROWTH OF 
MICROORGANISMS BY OPTICAL METHODS 
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HE factors which determine the effectiveness of aeration on the growth of 
j froteanewhin have been investigated in several laboratories.’ * * In every 
instance, the procedures used for the estimation of growth either required the 
. removal of samples at intervals or depended upon a single determination after 
a standard incubation period. The problem of determining the length of the lag 
period and the growth rate during the exponential growth phase has led to 
the development of a specially designed culture flask. With this flask, periodic 
measurements of the light absorbed by the cell suspension and medium ean be 
made directly on the entire culture with the Evelyn photoelectric colorimeter. 
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Fig. 1.—Culture flask for the turbidimetric estimation of the growth of microorganisms. 


The culture flask (Fig. 1) is similar in principle to the one designed by 
Henry and Henry,‘ but its construction is modified to provide a greater surface 
for aeration. By shaking the flasks in a Warburg bath, aeration is provided at 
rates which are nonlimiting for growth. Absorption tubes, used with the Evelyn 
photoelectric colorimeter which had been selected for optical uniformity, were 
sealed to 125 ml. Erlenmeyer flasks blown from Kimble’s standard flint glass 
stock (S/F).* 

The flasks are clamped to the shaking rack of a Warburg constant-tempera- 
ture bath with the absorption tube in a horizontal plane, perpendicular to the 
direction of shaking. It is important to mount the flasks parallel to one another 
in order to assure the same degree of aeration in each. In Warburg baths 
available commercially, there is room for at least six culture flasks to be shaken 
simultaneously. 





From the Department of Biology, Brown University. 
Received for publication, Oct. 30, 1950. 
*These flasks were made by the L. G. Nestor Company, Millville, N. J. 
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Preliminary experiments on the growth of Torulopsis utilis (ATCC #8206) 
and Saccharomyces cerevisiae (#15.56 obtained through the courtesy of Dr. A. 
S. Schultz) at 30° C. indicate that the growth rate is independent of the aeration 
when the flasks are shaken at 100 cycles per minute. The yeasts were grown in 
these experiments on a medium devised by Atkin and co-workers.° 


SUMMARY 


A culture flask is described which permits the growth of microorganisms to 
be followed by optical density determinations. The small size of the flask allows 
multiple determinations under nearly identical conditions of aeration. 
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ELECTRICALLY OPERATED BUNSEN-TYPE BURNER* 
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INTRODUCTION 





HE need for an electrically operated Bunsen-type burner is obvious. Many 

laboratories install gas at a great expense for the specific purpose of operat- 
ing burners. Often laboratory procedures are discouraged because of the lack 
of gas. The burner described herein can perform practically all of the functions 
of the gas-operated type but has the advantages of flexibility, ease of operation, 
time saving, and reduction of hazards to the operator. 

The electrically operated burner is a simplified modification of a previous 
burner described by me.t 


DESCRIPTION OF INSTRUMENT 


(See Figs. 1, 2, 3, and 4 of the burner from various angles.) The heating unit is 
composed of a lava cylinder 3% in. long with an outside diameter of % in. and a central 
cavity 1% in. in diameter which runs the entire length of the core. Heater wire of 28 gauge 
is wound around the threaded column submerging the wire from the surface. The heater is 
operated by a toggle switch in the base. A movable deflector can be rotated 360 degrees and 
functions to concentrate the heat radiation away from the operator. Slots in the base are pro- 
vided for needle holders, 


METHOD OF OPERATION 


Bacteriologic Procedwres.—For bacteriologic procedures the deflector is rotated toward 
the operator and in the upper quadrant. (Fig. 1.) The heater is turned on and when the 
lava within the cylinder glows the instrument is ready for use. The bacteriologic loop or 
needle is placed in the cavity of the core and allowed to rest there without holding, being 
certain that the tip of the loop does not extend beyond the glowing portion of the lava. If 
longer needles are preferred, they may be passed slowly through the cavity as through a 
flame. Contact of the loop with the glowing lava gives the best results. 

By incinerating within a cavity, spattering is confined within it, thus reducing the 
hazards of working with virulent organisms. If test tubes are used, the mouths are sterilized 
either by holding them directly against the outside of the core or by rolling the end of the 
tube over the core. Transferring proceeds in the usual manner. Touching cotton plugs to 
the coils will ignite them. The burner may be grasped by the base (Fig. 2) and used to 
sterilize the field of operation, transferring into Petri dishes, and so on. 

Clinical Laboratory Procedures.—For heating fluids in test tubes, move the deflector 
away from the operator to the lower quadrant. Any portion of the column of fluid may be 
heated by simply rolling the tube over that portion. (Fig. 3.) The gradual elevation of 
temperature minimizes bubbling over and sputtering. 

Heating of fluids in beakers, ete., is accomplished by using a special type of stand. 

Fig. 4.) This permits the bottom of the container to rest on the stand and just clear the 
core. (Not more than 1 in. clearance, but should not touch core.) 





Received for publication, Sept. 22, 1950. 
*Manufactured by Precision Scientific Company, 3737 West Cortland Ave., Chicago, IIl. 
Institution for Tuberculosis Research, University of Illinois. 


1969 —. Sol Roy: Electrically operated burner and bacterial loop, J.A.M.A. 108: 
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Fig. 1.—For bacteriology. Inoculation of cultures: The inoculating needle or loop rests 
in the cavity of the core and is always ready for use. The mouths of the test tubes are held 
directly on the coils or may be rolled over the coils. Note that position of shield is facing the 
operator. 

For long needles or loops, hold the handle so that the wire touches the glowing inside 
wall of the core until it glows itself, then slowly pass back and forth for sterilization. 





Fig. 2.—Mobility of Bacti-burner. The burner may be grasped at the base to use for 
sterilizing the field of operation, transferring into Petri dishes, in water and milk bacteriology, 
in bedside blood cultures, and so on. 



















Fig. 3.—For urine analysis. Heating fluids in test tubes: Roll the test tube directly over 
the glowing coils so that glass touches the ceramic portion. Any portion of the fluid column 
may be heated. Note that the shield is away from the operator. 





Fig. 4.—For chemistry. Heating of fluids in larger containers: Use special stand as 
illustrated for this purpose. The container rests on the stand and just clears (% in.) the coils. 
The special stand is adjustable horizontally by means of moving the lateral sides in or out. 
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DISCUSSION AND SUMMARY 


This electrically operated burner makes it possible to do elinical laboratory 
work in any room where there is an electrical outlet. For the bacteriologist its 
‘‘spatter-proof’’ feature is important, since it minimizes the dissemination of 
virulent organisms during bacteriologie procedures. As one or more loops may 
he left in the cavity of the core without the necessity of holding them, both time 
and labor are economized. Some experiments with sizes of holders and types of 
loop employed should be done so that the procedure may become automatic. <A 
metal holder 4 in. in diameter and 6 in. long that grasps a 234 in. loop of 
twisted chrome wire has been found ideal for this instrument. The rigidity ot 
this loop makes it possible to rest it in the cavity of the column without bending 
it, and the narrow gauge of the holder makes it possible to have several loops in 
the cavity at one time. A narrow collar of rubber tubing is recommended to 
cover the holder where it is to be held, since metal holders will heat up if left in 
the cavity over long periods. However, any convenient loop and holder may be 
used and the conventional manner of passing through the ‘‘flame’’ or cavity of 
the core is followed. The loop should scrape the glowing lava for the best 
results. The horizontal position of the cylinder makes it easier for the operator, 
compared with the vertical flame of the gas method. 

The gradual heating of fluids as accomplished by this heater makes it ideally 
suited for all clinical laboratory methods where heating is necessary. 

The advantages over the gas type of burner are its flexibility of use, the 
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absence of a ‘‘cold’’ portion of the flame, the elimination of failure of the flame 
due to kinking of the gas tubes or to drafts, the elimination of the use of matches, 
the silence of operation, and so forth. Currents in the field of operation are. 
reduced, since the pressure of gas is 6 in. and makes for circulation of air, which 
introduces the possibility of contamination. 





